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of  dtalgimig,  engnvmg,  and  etching  historical  and  other  prints." 

D.  CALDWELL, 
Cierkqfthe  Eastern  DistrUi  t^  Pemuyhxmia. 


Guooa  &  DiCKnfapic,  PEumBS. 
WhUekaU, 


PR£FACI2 


TO   TH£   SECOND   LONDON   EDITION. 


Although  paradoxical^  it  is  true^  that  human  know- 
ledge,  the  more  it  is  accumulated  and  perfected^  is  also 
the  more  easily  acquired  and  recollected.  As  an  instance 
we  may  refer  to  our  present  knowledge  of  the  celestial 
motions.  These,  to  our  ancestors,  appeared  so  inexpli- 
cable, that  to  observe  and  analyze  them,  some  of  the  most 
gifted  individuals  devoted  their  lives — yet  when  at  last 
contemplated  through  the  records  of  many  centuries,  by 
the  penetrating  genius  of  Newton,  they  were  found  all 
to  range  themselves  under  a  few  simple  expressions  easily 
intelligible  and  easily  remembered  by  an  ordinary  mind. 
Thus,  now,  not  only  is  the  confusion  of  past  times,  in  re- 
gard to  astronomy,  converted  into  a  scene  of  beautiful 
simplicity  and  harmony,  but  we  are  able  to  predict,  with 
certainty,  many  of  the  changes  which  are  to  happen  in 
time  to  come.  Facts  of  this  kind  make  it  appear,  that 
the  progress  which  is  still  to  be  looked  for  in  the  human 
sciences,  instead  of  threatening  men  who  require  a  good 
education  with  additional  labour,  promises  to  convert  their 
necessary  labour  almost  ihto  amusement, — amusement, 
however,  which  will  lead  to  the  most  important  results. 

The  author  has  thought  it  necessary  to  make  this  ob- 


IV  PREFACE. 

servation  to  meet  what  has  been  stated  by  not  a  few  agains^t 
his  presieot  volume,  namely,  that  it  is  so  simple,  or  easily 
understood,  that  he  nust  have  left-untouched  many  of  the 
important  principles  of  natural  philosphy,  lest  the  study 
of  tbem  should  prove  too  difficult  for  the  generality  of  his 
readers.  Now  (he  fact.b,  that  he  has  not\)nly  included 
all  the  general  truths  belonging  to  the  department  of 
Physics,  but  has  introdnoed  many  matters  which  are  not 
usually  found  in  treatises  on  the  subject:— -what  he  has 
avoided  are  matters  of  inferior,  or  at  least  of  limited  in-* 
terest.  He  has,  however,  availed  himself  of  a  circum^ 
stance,  either  not  known  or  not  adverted  to  by  former 
writers,  viz.  that  which  may  be  called  the  mathematics  of 
common  sense  or  experience^  and  which  may  be  expressp 
ed  in  ordinary  language — ^as  distinguished  from  technical 
mathematics,  which  has  its  peculiar  language,  is  perfect* 
ly  sufficient  for  the  explanation  of  all  the  great  laws  of 
nature.  By  attending  to  this  truth,  and  aiming  at  ex* 
treme  simplicity  of  arrangement,  he  has  avoided  that  ab- 
struse phraseology  which  is  so  generidly  repulsive^  and 
he  hopes  he  has  facilitated,  to  many  gifted  individuals^ 
who  would  otherwise  have  been  deterred  by  the  idea  of 
difficulty,  the  study  of  that  one  among  the  four  great  de- 
partments of  human  science,  which^  after  the  department 
of  mind,  is  the  most  pleasiiag  in  its  nature,  has  attained 
the  highest  degree  of-  perfeotiony  is  the  most  fruitful  of 
valuable  applications,  and  when  fairly  uodevstood  in  its 
relation  to  the  others,  establishes  a  lucid  order  through 
the  whole  of  tlie  intelleetual  aoquiraueBts. 


VREFAC£«  V 

Astronomy,  which  is  the  in«taoce  chosen  above,  is  only 
one  of  innumerable  subjects^  which,  when  imperfectly 
understood,  appear  obscure  and  diffioilt,  but  when  more 
fully  investigated,  become  siitiplicity  itself.  As  an  exam- 
ple from  the  studies  of  medical  men  may  be  mendooed 
the  question  of  the  movement  of  the  blood  in  the  veins^ 
which  has  lately  be^n  discussed  in  medical  societies  and 
reviews  with  considerable  earnestness.  In  this  question^ 
the  appeal  is  necessarily  made  to  the  laws  of  Natural 
Philosophy,  which  govern  the  phenomenon;  but  beeause 
the  study  of  these  has  been  little  cultivated  by  the  &cuP 
ty,  more  time  has  been  absorbed  in  futile  disputation 
and  experiment  than  would  have  sufficed  for  acquiring  a 
competent  knowledge  of  the  whole  body  of  PbyMcs:— • 
now  the  single  section  of  Physics,  which  bears  on  the 
point  if  understood  in  a  moderate  degree,  would  have 
caused  all  the  difficulties  at  once  to  vanish.  The  circu- 
lation of  the  blood,  again,  is  but  one  of  numerous  and 
scarcely  less  important  subjects  in  the  medical  att  to 
which  Natural  Philosophy  is  the  easy  and  only  key. 

These  last  reflections  are  intended  as  a  reply  to  a  se- 
cond remark  which  has  been  made  in  some  qnarters  with 
respect  to  the  present  volume,  viz.  that  its  subject  is  not 
of  primary  importance  in  medical  education.  Although 
no  one  who  had  advanced  beyond  the  mere  threshold  of 
the  stndy,  could  have  held  this  opinion,  the  author  finds 
it  necessary  to  advert  to  it.  His  hibour  in  preparing  the 
present  volume  will  have  been  vain,  if  by  it  he  prove  not 
to  h»  readers  that  the  magnifieent  febric  of  human  know- 
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ledge  has  Phyries  or  Natural  Philosophy  for  its  Toanda- 
tioDy  Chemistry  for  the  second  departmeDt^  resting  on  the 
fim^  Physiology  or- the  doctrine  of  organic  Life^  for  the 
third  resting  on  the  other  two^  and  fully  intelligible^  only 
to  the  mind  familiar  with  the  others;  while  the  science  of 
mind  crowns  the  whole. 

The  Author  had  hoped  to  be  able  to  publish  in  the 
course  of  this  autumn  the  remaining  portion  of  his  Ele- 
ments of  Physics,  but  the  early  call  for  this  second  edi» 
tion  has  prevented  him.  As  the  part  ip  question,  how- 
ever,  has  long  been  written,  there  is  nothing  required  in 
regard  to  it  but  what  he  thinks  his  leisure  will  permit  him 
soon  to  accomplish. 

The  Author  might  be  accounted  insensible  to  the  ap- 
probation of  his  own  profession  and  of  society  in  general, 
if  he  allowed  the  present  occasion  to  pass  without  alluding 
to  the  reception  which  his  book  has  met  Gratifying  in- 
deed has  it  been  to  him,  and  encouraging  to  the  comple- 
tion of  his  task.  With  the  desire  of  making  the  present 
volume  as  worthy  as  he  could  make  it,  of  the  approval 
of  those  into  whose  hands  it  may  fall,  he  has  carefully  re- 
vised it,  but  as  he  had  previously  well  considered  the 
subjects,  he  has  found  nothing  beyond  verbal  inaccuracies 
to  correct.  He  has  however  been  able  to  simplify  some 
of  his  illustrations,  and  has  here  and  there  added  new  mat- 
ter. Whatever  of  this  is  of  a  nature  to  appear  complete 
in  a  detached  form  will  be  printed  separately  for  the  ac- 
commodation of  those  who  have  so  recently  procured  the 
first  edition. 
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It  has  been  mentioned  as  a  faalt  in  the  fcimer  eBition^ 
that  no  separate  enumeration  any  where  appeared  of  what 
might  be  considered  novelties  in  the  work.  Now  miaoy 
of  these  are  rather  in  method,  condensation,  tNustratmn^ 
&c.,  than  in  particular  siilijects-  The  following  how- 
ever may  be  examined  as  insulated  specimens  of  new  <tis» 
quisition  or  suggestion: 

Theory  of  the  Spinning-Top Page  91 

Peculiar  Pulley •• • 180 

Distorted  Spine • 210 

Swimming  arid  Diving ^ 272,292 

Transference  of  Heat  in  Liquids,  Warm  Bath,  Brewing  Re- 
frigeratories, &c. 279 

Pneumatic  Tractor     301,  522 

Extensive  Cupping  • • 313 

DistiHing  and  Evaporating 327 

Regulation  of  Temperature  in  Apartments  for  Consamptive 

•  Patients — 361 

Watcr-Whecls  for  Ships 382 

Self-Steering  Ship    r—. 393 

Itnsical  Recorder • • 415 

Musical  Glasses 417 

Circulation  of  Blood:  in  the  Arteries 436 

in  the  Capillaries 442 

■     in  the  Veins • ••••  446 

The  pulse •— • •* 460 

Bath  of  strong  Pressure ••'•* 474 

Artificial  Respiration 482 
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AnaWtis  of  Articulate  Speech  and  Treatment  of  Stammering  492 

Snbetitates  for  atomach-Pnmp,  &c  505 

Various  Means  of  treating  Strictares  in  the  Canals  of  the 

Animal  Body • 513 

Means  of  Treatment  for  Stone • 519 

sort  Nov.  1827. 


ADVERTISEMENT 

TO  TB^ 

THIRD  LOHDOK  EDITION* 


.  1.  The  present  volume  will  be  complete  for  non-professional 
readers  when  the  last  few  leaves,  from  page  511  to  page  526  in- 
elusive,  are  left  out.  The  binder  will  take  directions  accord- 
ingly. 

2.  The  printing  of  the  eonelnding  part  of  the  work,  viz.  on 
Orrios,  AsTBOMOKT,  &e.,  which  was  to  have  occupied  the  au- 
thor's leisure  after  the  publication  of  the  second  edition  of  Part 
I.,  has  been  again  delayed  a  little  by  the  almost  immediate  call 
for  the  third  edition  of  Part  I. ;  but  as  future  editious  of  this,  if 
required,  may  now  be  made  without  the  author's  attention,  no 
farther  interruption  is  anticipated. 
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To  appreciate  the  inrportance  of  Putsics  or  Natural 
Phuosopht,  as  an  object  of  study  to  all  persons  engaged  in 
scientific  pursuit,  and  indeed,  in  the  present  day,  to  all  who 
pretend  to  a  liberal  education,  we  must  take  a  rapid  glance 
at  the  nature  of  huofian  knowledge  generally,  and  at  its  bear- 
ings on  the  existing  condition  of  mankind.  We  shall  there- 
fore have  to  consider 

27ie  progressive  condition  of  men  contrasted  with  the  station* 
ary  condition  of  inferior  animals; 

l%e  dependence  of  the  p^'ogress  on  increase  of  knowledge  ; 

The  fact  of  the  progress  being  more  rapid  at  present  than 
ever; 

The  mutual  dependence  of  the  departments  of  knowledge  ; 

JJic  importance  of  Physics  as  fundamental  to  the  otlier  depart- 
ments. ' 

WiiiLS  the  inferior  races*  of  animals  seem  to  havechanged 
as  little  in  any  respect  since  the  beginning  of  our  records,  as 
the  trees  and  herbs  of  the  thickets  which  give  many  of  them 
shelter,  the  condition  of  man  has  fluctuated,  and*  on  the  whole, 
progressed  in  a  very  remarkable  manner.  The  inferior  an- 
imals were  formed  by  their  Creator  such,  (hat  within  one  life 
or  generation,  they  should  attain  all  the  perfection  of  wbidi 
their  nature  was  susceptible.  Their  wants  were  either  im- 
mediately provided  for — as  the  clothing  of  feathers  to  birds, 
and  of  furs  to  quadrupeds;  or  were  so  few  and  simple,  that 
the  supply  was  easy  to  very  limited  powers — except  in  a  few 
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caseSf  where  considerable  art  was  required^  as  by  the  bee  in 
making  its  honey-tell^  or  by  the  bird  in  constructing  its 
beautiful  nest,  and  there,  a  peculiar  aptitude  or  instinct  was 
bestowed.  Thus  a  crocodile  which  issues  from  its  egg  in 
the  warm  sandf  and  never  sees  its  parent*  becomes  as  perfect 
and  knowing  as  any  crocodile  that  has  lived  before,  or  that 
will  appear  after  it — But  how  diflferent  from  this  is  the  story 
of  man!  He  comes  into  the  world  the  most  helpless  of  living 
beings,  long  to  continue  so;  and  if  deserted  by  parents  at  an 
early  age,  so  that  he  can  learn  only  what  the  experience  of 
4)ne  life  may  teach  him, — as  to  a  few  individuals  has  happened 
who  yet  have  attained  maturity  in  woods  and  deserts, — ^he 
grows  up  in  some  respects  inferior  to  the  nobler  brutes.  Now 
as  regards  many  regions  of  the  earth,  history  exhibits  the 
early  human  inhabitants  in  states  of  ignorance  and  barbarism, 
approaching  to  this  lowest  possible  grade,  and  which  civilized 
men  shudder  to  contemplate.  But  these  countries,  occupied 
formerly  by  straggling  hordes  of  miserable  savages,  who 
could  scarcely  defend  themselves  against  the  wild  beasts  that 
shared  the  woods  with  them,  and  the  inclemencies  of  the 
weather,  and  the  consequences  of  want  and  fatigue,  and  who 
to  eacli  other  were  often  more  dangerous  than  any  wild  beasts, 
unceasingly  warring  among  themselves,  and  destroying  each 
other  with  every  species  of  savage,  and  even  cannibal  cruelty 
•.countries  so  occupied  formerly,  are  now  become  the  abodes 
of  myriads 'of  peaceful,  civilized,  and  friendly  men,  where  the 
desert  and  impenetrable  forest  are  changed  into  cultivated 
fields,  rich  gardens,  and  magnificent  cities. 

It  is  the  strong  intellect  of  man,  operating  with  the  faculty 
of  language  as  a  means,  which  has  gradually  worked  this 
wonderful  change.  By  language  fathers  have  communicated 
their  gathered  experience  and  reflections  to  their  children, 
and  these  to  succeeding  children,  with  new  accumulation^ 
and  when,  after  many  generations,  the  precious  store  had 
grown  until  simple  memory  could  retain  no  ro^H^,  the  arts  of 
"writing,  and  then  of  printing,  arose,  making  language  visible 
mud  permanent^  and  enlu^g  iHimitably  the  r^ositories  of 
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knowledge.  Language  thus,  at  the  present  moment  of  the 
world's  existence*  may  be  said  to  bind  the  whole  human  race 
of  uncounted  millions  into  one  gigantic  rational  being*  whose 
memory  reaches  to  the  beginnings  of  written  records*  and 
retains  imperishably  the  events  that  hare  occurred;  whose 
judgment*  analyzing  the  treasures  of  memory,  has  discovered 
many  of  the  sublime  and  unchanging  laws  of  nature*  and  has 
built  on  them  all  the  arts  of  life*  and  through  them*  piercing 
far  into  futurity*  sees  clearly  events  that  are  to  come;  and 
whose  eyes  and  ears  and  observant  mind  are  at  this  moment* 
in  every  comer  of  the  earth*  watching  and  i*ecQrding  new* 
phenomena*  for  the  purpose  of  still  better  comprehending  the 
magnificence  and  beautiful  order  of  creation*  and  of  more 
worthily  adoring  its  beneficent  Author. 

It  might  be  very  interesting  to  show  here,  in  minute  detail, 
how  tlie  arts  and  civilization  have  progressed  in  accordance 
with  the  gradual  increase  of  man's  knowledge  of  the  uni- 
verse |  but  it  would  lead  too  far  from  the  main  subject.  We 
deem  it  right*  however*  to  make  evident  to  the  student  the 
arousing  truths*  that  the  progress  is  not  yet  at  an  end;  that 
it  has  been  vastly  more  rapid  in  recent  times  than  ever ;  and 
that  it  seems  stiU  to  proceed  with  increasing  celerity:*— and 
we  know  not  where  the  Creator  has  fixed  the  limits !  Al- 
though th^re  are  thousands  of  years  on  the  I'ecords  of  the 
world,  our  Bacoit*  who  first  taught  the  true  way  to  invcsti. 
gate  nature,  lived  but  the  other  day.  Newtojt  followed  him, 
and  illustrated  his  precepts  by  tite  most  subKme  discoveries 
which  one  man  has  ever  made.  Harvbt  detected  the  circu* 
lation  of  the  blood  only  two  hundred  years  ago.  Adam 
Smith*  Db.  Bxack*  and  James  Watt  were  friends ;  and 
the  last,  whose  steam-engines  are  now  changing  the  relations 
of  empires,  may  be  said  to  be  scarcely  cold  in  his  grave. 
John  Hukter  died  not  long  ago ;  and  Herschbl's  accounts  of 
newly-discovered  planets*  and  of  the  sublime  structure  of  the 
heavens*  are  in  the  late  numbers  of  our  scientific  journals  :— 
illustriotts  Britons  these*  who  have  kit  worthy  successors 
treading  in  their  steps.    Ofl  the  continent  of  Europe^  during 
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the  same  period^  a  con^esponding  constellatioD  of  genius  has 
shone :  and  Laplace  was  latei;  the  bright  star  connecting  the 
future  with  the  past. 

But  there  is  a  change  going  on  in  the  .woridf  connected 
closely  with  the  progress  of  science,  yet  distinct  from  it^  and 
more  important  than  half  of  the  scientific  discoveries  ;—^it  is 
the  diffiisian  of  eocisHng  knowleuge  among  the  mass  of  man- 
kind. Formerly  knowledge  was  shut  up  in  convents  and  uni- 
versities, and  in  books  written  in  dead  languages — or  in  hooks 
which,  if  in  the  living  languages,  were  so  abstruae  and  artifi* 
cial,  that  only  a  few  persons  had  access  to  their  meaning : 
and  thus,  considering  the  human  race  as  one  great  intellectu- 
al creature,  a  small  fraction  only  of  its  intellect  was  allowed 
to  come  into  contact  with  science,  and  therefore  into  activity; 
which  fraction,  moreover,  was  often  only  half  exerted,  be- 
cause sufficient  motive  was  wanting.  The  progress  of  sci* 
ence  in  those  times  was  correspondingly  slow,  and  the  evils 
of  general  ignorance  prevailed*  Now,  however,  the  strong 
barriers  which  confined  the  stores  of  wisdom  have  been 
thrown  down,  and  a  flood  overspreads  the  earth ;  old  esta^ 
Uishments  are  adapting  themselves  to  the  spirit  of  the  age  ; 
new  establishments  are  arising ;  the  inferior  schools  are  in- 
troducing impr4ive-d  systems  of  instruction ;  and  good  books 
are  rendering  every  man's  fire  side  a  school.  From  all  these 
causes  there  is  growing  up  an  enlightened  public  optniofi,  which 
quickens  and  directs  the  .progress  of  every  art  and  science^ 
anu  through  the  medium  of  a  free  press,  although  overlook- 
ed by  many,  is  now  rapidly  becoming  the  governing  influ- 
ence in  all  the  affairs  of  man.  In  Great  Britain,  partly  per. 
baps  as  a  consequence  of  its  insular  peculiarity  of  situation, 
the  progress  of  enlightened  public  opinion  has  been  more  de- 
cided than  in  any  other  state.  The  earlj  consequences  were 
more  free  political  institutions  ;  and  these  have  gradually  led 
to  greater  and  greater  improvements,  until  Britain  is  beavme 
truly  the  Queen  of.the  Nations.  A  colony  of  her  children,  im- 
bued with  hej'  spirit,  now  occupies  a  magnificent  territory  in 
the  new  world  of  Columbus^  and. although  it  has  beeninde* 
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pendent  as  yet  for  only  half  a  century^  it  already  counts  more 
people  than  Spain,  and  will  soon  be  second  to  no  nation  on 
earth.  The  example  of  the  Anglo-Ainericaus  has  aided  in 
rendering  their  western  hemisphere  the  cradle  ot  many  other 
gigantic  states,  all  free  and  following  the  liice  st^.  in  the 
still  more  recently  discovered  continent  of  Australasia, 
which  is  larger  than  Europe,  and  empty  of  men,  colonization 
is  spreading  with  a  rapidity  never  before  witnessed  ^  and  that 
beantifol  and  rich  portion  of  the  earth  will  also  soon  be  co- 
vered  with  the  descendents  of  free- bom  and  enlightened  En- 
glishmen. From  thence  still  onward,  they  or  their  institu- 
tions will  naturally  spread  over  the  vast  archipelago  of  the 
Pacific  ocean,  a  track  studded  with  islands  of  paradise. — 
Such,  then,  is  the  extraordinary  moment  of  revolution  or 
transit,  in  which  the  world  at  present  exists ! — Xuii  where, 
we  may  ask  again,  has  the  Creator  predestined  that  the  pro- 
gress ^all  cease  ? — Thus  far,  at  least,  we  know,  that  he  has 
made  our  hearts  rejoice  to  see  the  world  tilling  with  happy 
btiman  beings,  and  to  observe  that  the  increase  of  the  sci- 
ences can  make  the  same  spot  maintain  thousands  in  comfort 
and  godlike  elevation  of  mind,  where  with  ignorance  even* 
hundreds  had  found  but  a  scanty  and  degrading  su])ply. 

The  progress  of  knowledge  which  has  thus  led  from  fonn- 
er  barbarism  to  present  civilization,  has  gone  on  by  certain 
steps,  which  it  is  easy  to  point  out;  and  which  it  is  very  use- 
ful to  consider,  because  we  thereby  discover  the  nature  of  hu- 
man knowledge,  and  the  relations  and  importance  of  its  dif- 
ferent branches;  while  we  obtain  great  facilities  for  studying 
science,  and  for  quickening  its  farther  progi-ess. 

The  human  mind,  when  originally  directed  to  the  almost 
infinity  of  objects  in  the  universe  around  it,  must  soon  have 
discovered  that  there  were  resemblances  among  them ;  in  oth- 
er words,  that  the  infinity  was  only  a  repetition  of  a  certain 
number  of  kinds.  Among  animals,  for  instance,  were  dis- 
tinguished the  sheep,  the  dog,  the  horse ;  among  vegetables, 
the  oak,  the  beech,  the  pine ;  among  minerals,  lime,  flint,  the 
metals^  and  so  forth.    And  the  mind  must  have  become  aware 
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that  by  siadying  carefully  an  exemplar  of  each  kind^  its  limU 
ted  power  of  memory  might  acquire  a  tolerably  correct  know- 
ledge of  the  whole.  Now  as  this  knowledge  enabled  persons 
more  easily  to  obtain  what  was  useful  to  them,  and  to  avoid 
what  was  hnrtfuU  the  desire  to  possess  it  must  have  arisen 
with  the  irst  exercise  of  reason.  The  labour  of  ages  has  at 
last  nearly  completed  an  arrangement  of  the  constituent  ma« 
terimls  of  the  universe,  under  three  great  classes  of  MuiBRAJLSy 
Vsof^TABiiKS,  and  Animajls  ;  commonly  called  the  three  king- 
domi  oj  nature^  and  of  which  the  minute  description  is  termed 
Natubai*  HisTonv ;  and  there  are  museums  of  natural  his- 
tory now  existing  which  contain  a  specimen  of  almost  every 
object  included  in  these  classes^  so  that  a  student  within  the 
limtCB  of  an  ordinary  garden  may  be  said  to  be  able  to  exa* 
mine  the  whole  of  the  material  universe. 

While  men  were  examining  the  forms  and  other  qualities 
of  the  bodies  around  them^  they  could  not  avoid  noticing  also 
the  motions  or  changes  going  on  among  bodies ;  and  here^  too, 
they  would  soon  make  the  grand  discovery^  that  there  were 
resemblancefl  in  the  multitude.  Self-interest,  as  in  the  case 
ef  the  bodies  themselves,  having  prompted  to  careful  classifi- 
cation, in  the  present  day,  as  the  result  of  countless  observa- 
tions and  experiments  made  througli  the  series  of  ages^  we  are 
enabled  to  say^  that  all  the  motions  or  changes,  or  phenomena 
(words  synonymous  here)  of  the  universe*  are  merely  a  repe- 
tition and  mixture  of  a  few  simple  manners  or  kinds  of  change^ 
which  are  as  constant  and  regular  in  every  case,  as  where 
they  produce  the  returns  of  day  and  night,  and  of  the  seasons. 
All  these  phenomena  are  referrible  to  four  distinct  classes, 
which  we  call  Fhysical,  Chemiad,  Vital,  and  MenJtal.  The 
simple  expressions  which  describe  tliem  are  denominated  <3e- 
ntrol  Truths  or  Laws  o/MUuref  and  as  a  body  of  knowledge, 
they  constitute  what  is  called  Soibhcb  or  PuiLosopHYf  in 
contradistinction  to  Natubajl  HiSTosTy  already  described. 
Now  as  man  cannot»  independently  of  a  supernatural  revela-* 
tion,  learn  any  thing  but  what  respects,  Ist  the  momentary 
state,  past  or  present,  of  himself  and  the  objects  around  him ; 


and  Sd.  ti|e  mannjer  tii  wkich  the  states  hav^  changed  s  JVWa- 
ral  flt«tor{f  and  Sctenees  ip  the  sense  now  explain^di  make  up 
the  whole  sum  of  bis  knowledge  of  nature. 

To  exemplify  the  process  by  which  a  general  truth  pr  Uw 
of  nature  is  discovered^  we  shall  take  the  physical  law  Qf 
gravity  or  aUracfion*  1st*  It  was  observed  that  (lodies  l|i 
general  if  raised  from  the  eartbi  and  left  unsuppoi^,  fell 
towards  it»  while  flame,  smoke*  vapours,  ftc,  if  kft  freo* 
ascended  away  from  the  earth*  It  was  held*  therefore  to  he 
a  very  general  law  that  thingB  had  weight;  but  that  there 
were  exceptions  in  such  matters  as  now  mentioned,  which 
were  in  their  nature,<t^  or  asqending.  8d.  It  was  discoveiv 
ed  that  our  ^obe  of  earth  is  surrounded  by  an  ocean  of  ain* 
having  nearly  fifty  miles  of  altitude  or  depth,  and  of  which  a 
cubic  foot  taken  near  the  surface  of  the  earth*  weighs  about 
an  ounce.  It  was  then  perceived  Uiat  flamcf  smoke*  vapour, 
&c.  rise  in  the  air*  only  as  oil  rises  in  water*  Ti«.  because 
ligliter  than  the  fluid  by  which  they  are  surrounded  :^t  fol- 
lowed therefore,  that  nothing  was  known  on. earth  naturally 
l^htn,  in  the  ancient  sense  of  the  word.  Sd.  It  was  found 
that  bodies  flftating  in  water*  near  to  each  other,  approached 
and  feebly  cohered;  that  any  contiguous  banging  .bodies  were 
drawn  towards  each  other*  so  as  not  to  hang  quite  perpen- 
dicularly; and  that  a  plummet  suspended  near  a  hill  was 
drawn  towards  the  hill^  with  force  only  so  much  less  than  the 
whole  weight  of  the  plummet,  as  the  hill  was  smaller  than  the 
earth.  It  was  thus  proved  that  weight  itself  is  only  an  In- 
stance of  a  more  general  mutual  at^roc^ton*  operating  between 
all  the  constituent  elements  of  this  globe;  and  which  explains, 
besides*  the  fact  of  the  rotundity  of  the  globe-^all  the  parts 
being  drawn  towards  a  common  centre,  as  also  the  form  of 
dew*drops,  rain  drops,  globules  of  mercury*  and  of.muiy 
ftfaer  things;  which,  still  further,  is  the  reason  wby- the  dis* 
tinct  particles  of  wluch  any  solid  mass*  as  a  stone  or  piece 
of  metal,  is  composed,  ding  t6gefbe>r.  as  a  mass«  but  which 
when  overcome  by  the  repulsion  of  Inmt*  allows  the  same 
parUdesto  assume  the  form  of  a  liq^d  or  air.  4  th.  And  it  was 
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farther  obsenredy  that  all  the  heavenly  bodies  are  round,  and 
must,  therefore,  consist  of  material  obeying  the  same  law.. 
And  lastly,  that  these  bodies,  however  distant,  attract  each 
other;  for  that  the  tides  of  our  ocean  rise  in  obedience  to  the 
attraction  of  the  moon,  and  become  high  or  gpring^HdeSf  when 
the  moon,  and  sun  operate  in  the  same  direction.  Thus  the 
sublime  truth  was  at  last  made  evident,  and  by  the  genius  of 
the  immortal  Newton,  that  there  is  a  powerof  attraction  con- 
necting together  the  bodies  of  our  solar  system  at  least,  and 
probably  limited  only  by  the  bounds  of  the  universe. 

Who  but  must  admire  that  the  human  mind  should  have 
power  to  discover,  in  such  variety  and  apparent  opposition 
of  facts,  the  operation  of  a  single  principle !  The  process  of 
analysing  the  facts  learned  by  observation  and  experiment, 
so  as  to  deduce  from  them  the  geheral  circumstance  in  which 
they  resemble,  is  called  the  method  of  reasoning  by  induction; 
and  such  circumstance  is  termed  the  truth  or  law  or  scientific 
principle  under  which  the  facts  are  to  be  classed.  Now  while 
this  process  is  that  which  leads  to  the  highest  objects  of 
philosophy,  it  is  also  that  by  which  all  the  common  knowledge 
of  the  course  of  nature  is  obtained  by  ordinary  minds.  It  is 
perceived,  for  instance,  directing  the  conduct  of  a  child  who 
having  discovered  the  quality  of  sweetness  in  various  fruits, 
eagerly  carries  any  newly  met  species  to  his  lips  with  the 
expectation  that  the  resemblance  will  not  fail  as  to  taste 
where  it  exists  as  to  form  and  colour.  The  very  simplicity 
of  this  process  may  have  been  the  reason  why  the  powerful 
mind  of  Aribtotlb  disdained  it  as  a  scientific  instrument,  and 
then  instead  of  deducing  the  laws  of  nature  from  accumulated 
facts,  preferred  supposing  what  they  should  be,  that  is  to  say, 
forming  kypothesee^  and  would  afterwards  admit  only  such 
facts  as  squared  with  his  hifpaUiues*  This  momentous  error 
kept  the  mind  of  the  human  race  in  darkness  and  slavery  far 
two  thousand  yeara;  and  it  gave  way  at  last  only  to  the  ex- 
ertion of  another  of  the  strongest  intellects  which  has  graced 
the  world,  that  of  our  illustrious  Bacoit,  whose  greatest  glory 
is  his  having  corrected  it. 
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Acqaaintance  with  the  laws  of  nature  has  been  very  slowly 
obtained,  owing  to  that  com^exity  of  ordinary  phenoDiena» 
'  which  is  produced  by  several  laws  operating  together,  and 
under  great  variety  of  circumstance.    With  respect  to  many 
laws  of  Chemistry  and  Life,  men  seem  to  be  yet  a  little  for* 
ther  advanced^  than  they  were  with  respect  to  the  physical 
law  of  aUracH4mj  when  they  knew  only  tiiat  heavy  things  fell 
to  the  earth.    But  we  have  learned  enough  to  perceive  that 
the  great  universe  is  as  simple  and  harmonious,  as  it  is  im- 
mense; and  that  the  Creator^  instead  of  interposing  separately, 
or  miraculously,  in  the  common  sense  of  the  word,  to  produce 
every  distinct  phenomenon,  has  willed  that  all  should  proceed 
according  to  a  few  general  lawa.-^There  is  nothing  in  nature 
so  truly  miraculous  and  adorable,  as  that  the  endless  and 
beneficent  variety  of  results  which  we  see,  should  spring  fk*om 
such  simple  elements.    In  times  of  ignorance,  men  naturally 
regarded  every  occurrence  which  they  did  not  understand, 
that  is  to  say,  which  they  could  not  refer  to  a  general  law, 
as  arising  from  a  direct  interference  of  supreme  power;  and 
and  thus  for  many  ages,  and  among  some  nations  still,  eclip- 
ses, and  earthquakes,  and  many  diseases,  particularly  those 
of  the  mind,  and  the  winds  and  weather,  were  or  are  accoun- 
ted miraculous.    Hence  arose  among  heathens  many  cere- 
monies, and  sometimes  even  barbarous  sacrifices,  for  pro» 
pitiating  or  appeasing  their  offended  deities,  but  founded  on 
expectations  no  more  reasonable,  than  if  we  should  now  pray 
to  have  the  day  or  the  year  made  shorter,  or  to  have  a  com- 
ing eclipse  averted.    They  had  not  yet  risen  to  the  sublime 
conception  of  one  God,  who  said,  «  Let  there  be  light,'*  and 
the  light  was ;  and  who  gave  to  the  whole  of  nature  permanent 
laws,  which  he  allows  men  to  discover  for  the  direction  of 
their  conduct  in  life— laws  so  unchanging,  that  we  can  calcu- 
late eclipses  backward  or  forward  for  thousands  of  years, 
without  erring  by  one  beat  of  a  pendulum;  and  as  our  know- 
ledge of  nature  advances,  can  anticipate  and  exidain  other 
events  with  equal  precision.    Even  the  wind  and  the  rain, 
which  in  common  speech,  are  the  types  of  unowtainty  and 
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change,  obey  lawB  as  fixed  as  tiioae  of  the  son  and  moon;  and 
already,  as  regarda  many  parts  of  the  earth,  man*  can  fiiretel 
fliem  without  fear  of  being  belied.  He  plaBfl  his  voyages  to 
suit  the  coming  monsoons,  and  he  prepares  against  the  floods 
of  the  rainy  seasons. 

He  who  understands  the  lawn  of  nature,  even  in  the  degree 
in  which  men  now  know  theoh  has  such  clear  prescience  of  the 
future,  and  of  the  eUbcts  which  will  arise  from  certain  oauses, 
that,  in  many  instances,  he  can  interpose  and  control  eyents 
to  answer  his  private  ends.    To  a  certain  extent  he  thus  com- 
mands nature,  and  as  expressed  in  the.  language  of  Solomon, 
repeated  since  by  Lord  Bacon,  his  <«  knowledge  is  power.'* 
Moreover,  as  all  single  material  objects  and  states  of  objects 
in  the  universe,  are  results  of  antecedent  operation  of  liie  laws 
of  change,  a  man  who  first  studies  the  laws,  knows  before- 
hand in  great  part  the  obfects  widch  in  examining  nature  he 
will  meet  with,  and  thus  most  remarkably  diminishes  the  la- 
bour of  studying  nateral  Aulory.    He  seems  to  learn  by  intui* 
tion.    A  well-iiiformed  man  of  the  present  day,  may  be  said 
4o  possess,  within  the  boundaries  of  his  mind,  flie  universe  in 
miniature,  where  he  can  contemplate  at  leisure  past  events 
and  the  prssent  and  the  future.    But  let  him  not  be  misled  by 
the  pride  of  reason,  which  naturally  arises  from  such  const* 
derations.  All  his  calculations  are  yet  founded  on  an  assumf^ 
tion  that  the  course  of  nature,  as  understood  by  him,  has  not 
changed,  and  will  not  change.    Now,  although  thousands  of 
years  give  countenance  to  the  assumption,  tiiese  thoosands 
are  less  to  a  past  and  a  coming  eternity,  than  the  noonday 
hour,  which  is  an  animalcule's  life,  to  rolling  ages    an  ani- 
malcule which  cannot  know  the  morning,  nor  the  evenings 
Bor  springy  nor  winter. — ^M an,  it  Is  true,  can  fortel  the  change 
of  day,  and  of  season,  and  the  coming  of  remote  eclipses  ;  but 
the  mountains  of  the  earlli  are  daily  crumbling  before  his  eyes 
by  the  action  of  winds,  and  rains,  and  other  unremittingcauses, 
and  the  depths  of  the  ocean  are  in  acorrespondlngdccjreefil* 
lingnp;  and  stars  whkh  his  forsliirthenbtMd  bright  in  the 
flnnanent»  are  now  dim*  orhnve  disapeared  4-*«wfol  changes, 
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of  which  hto  knowledge,  foUHded  on  short  bnnan  oxperience, 
can  tett  him  neither  the  beginning  nor  the  end ! 

The  general  laws  of  nature  are  divisible,  as  stated  above, 
inls^  those  of,  1st.  P/iffsieSf  at^n  czXlbiL  Natural  Philoaopkjf  ; 
Sd*of  ChemiatTy;  dd«  of  Lifty  commonly  called  Physiologjf; 
and,  4th.  erf  Mind.  Now  these  fonr  classes  may  be  said  to 
jbrift  the  pyramid  of  Science,  of  which  Physics  is  the  base, 
whUe  the  others  constitute  succeeding  layers  in  the  order  now 
mentioned ;  the  whole  having  certain  mutual  relations  and  de* 
pendencies  well  figured  by  the  parts  of  a  pyramid.  We  must 
describe  them  more  partieularly  to  show  these  relations. 

.PA^C9.^->TbeJawsx»f  Physics  govern  every  phenomenon 
of  nature  in  which  there  is  any  sensible  change  of  place,  being 
alone  concerned  in  the  greater  part  of  all  the  [ihenomena,  and 
nguloHng  the  rest  wluch  originate  from  chemical  action,  and 
from  the  action  of  life.-*-The  great  Physical  truths  are  now 
reduced  to  four,  and  are  referred  to  by  the  words  atom^  aitrac- 
fiottf  rqmlsianf  and  inertia*  It  gives  an  astonishing,  but 
true  idea  of  the  nature  and  importance  of  methodical  Science^ 
to  be  told  thai  a  man,  who  understands  these  words,  viz.  how 
the  ATOMS  of  matter  by  mutual  ▲TTSAorxoir  approach  and 
cUng  together  to  form  masses,  which  an  solid,  liquid,  or  ae- 
rifbrm,  according  to  tbeqaantity  or  rbpui^sioi?  of  heat  among 
them,  and  which  owing  to  their  inbbtia  or  stubbornness, 
gain  and  lose  motion,  in  exact  proportion  to  the  force  of  at* 
traction  or  repulsion  acting  on  themy-^understands  the  great- 
er partof  the  ^lenomena  of  nature ;  but  such  is  the  fSKt !  So- 
Md  bodies  existing  in  conformity  with  these  truths,  exhibit  all 
the  phenomena  of  Mechanics;  Liquids  exhibit  those  of  Jfy^ 
droatatics  and  Hydraulics;  Mrs,  those  of  Pneumatics  ;  and 
so  forth,  as  seen  in  the  table  of  heads  given  below,  at  page 
xxiii.  And  the  whole  of  this  volume  is  merely  a<  list  of  the 
moBt  interesting  physical  phenomena,  arranged  in  classes  un- 
der these  heads, 

eAemislryw— Had  there  been  only  one  kind  ot  substance  or 
matter  in  tiie  universe,  the  laws  of  Physics  would  have  ex- 
plained all  the  phenomena ;  but  there  ai*e  iron  »nA  sulphur, 
and  cbareoalf  and  about  fifty  others,  which,  to  the  present 
state  of  science,  appear  essentially  distinct.    Now  these. 
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when  taken  singly,  obey  the  laws  of  Physics;  but  when- 
placed  in  contact  under  certain  circumstances,  they  exhibit  a 
new  order  oF  phenomena.  Iron  and  sulphur,  for  instance^ 
brought  together  and  heated,  disappear  as  individaals,  and 
unite  into  a  new  yellow  metallic  mass  which  in  most  of  its  pro* 
perties  is  unlike  to  either : — under  other  new  circumstances, 
the  two  substances  will  again  separate,  and  assume  their  origi- 
nal forms.  Such  changes  are  calleil  chemical,  (from  the  Arairic 
word  signifying  to  bum,)  but  during  them  the  substances  are 
not  withdrawn  from  the  influence  of  the  physical  laws, — ^their 
weight  or  inertia,  for  instance,  is  not  altered ;  and  indeed  the 
phenomenon  is  merely  a  modification  of  general  attractum  and 
rejmlsion.  Many  chemical  changes  besides  are  only  the  be- 
ginnings of  purely  physical  changes,  as  when  the  new  chemi* 
cai  arrangement  produced  by  heat  among  the  intimate  atoms 
of  gunpowder,  causes  the  physical  motion  of  the  sudden  ex- 
pansion  or  explosion.  And  all  the  manipulations  of  Chemis- 
try, as  the  traifsrerriflg  of  gases  from  vessel  to  vessel,  the 
weighing  of  bodies,  pounding,  grinding,  &c.,  are  directed  by 
Physics  alone.  Chemistry,  then,  is  truly,  as  figured  above, 
a  modification  of  or  superstructure  on  Physics,  and  cannot 
be  understood  or  practised  by  a  person  who  is  ignorant  of 
Physics.— The  chief  departments  of  study  involving  the  con- 
sideration of  Chemical  in  conjunction  with  Physical  laws, 
are  enumerated  in  the  table  below,  under  the  head  of  Che- 
mistry. 

Life. — ^The  most  complicated  state  in  which  matter  exists, 
is  where,  under  the  influence  of  life,  it  forms  bodies  with  a 
curious  internal  structure  of  tubes  and  cavities,  in  which  flu- 
ids are  moving  and  producing  incessant  internal  change. 
These  are  called  Organized  Bodiesy  because  of  the  various 
organs  which  they  contain ;  and  they  form  two  remarkable 
classes,  the  individuals  of  one  of  which  are  fixed  to  the  soil, 
and  are  called  Vegetables ;  and  of  the  other,  are  endowed 
with  power  of  locomotion,  and  are  called  Animals.  The 
phenomena  of  growth,  decay,  death,  sensation,  self-motion, 
and  many  others  belong  to  life,  but  from  occurring  in  materi- 
al structures  which  subsist  in  obedience  to  the  laws  of  phy- 
sics and  chemistry,  the  life  is  truly  a  superstructure  on  the 
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other  two,  and  cannot  be  studied  independently  of  tbeni*  In* 
deed  the  greater  part  of  the  phenomena  of  oi^ank  life  are 
merely  chemical  and  physical  ^enomena  modiled  by  an  ad-> 
ditlonal  jninciple.  The  phenomena  of  lifOf  from  thus  iatoI- 
▼ing  gon^niUy  the  agency  of  all  the  sets  of  laws,  are  by  fair 
the  most  complex  of  any ;  and  the  discovery  or  detection  of 
the  pecidtar  Icuoa  of  Kfcy  although  these  are  fixed  as  the  laws 
of  physics  or  chemistry,  has  been  very  slow,  and  is  as  yet  &r 
from  being  completed.  We  cannot  as  yet  explain^  why  the 
individuals  of  animal  and  vegetable  classes  live  only  for  a  lirni* 
ted  time ;  whyoff-springinheritpeculiarities  of  health  or  disease 
from  the  parents ;  why  the  various  species  continue  distinct^ 
&c«  But  many  powerful  minds  of  the  present  day^  particular^ 
among  medical  men,  whom  it  chiefly  concerns,  are  directed 
to  the  subject^  and  important  results  may  be  looked  for.  A 
vast  number  of  facts  have  now  been  carefully  observed  and 
recorded^  and  to  a  certain  degree  classified;  and  perhaps 
some  master*genitts  may  soon  arise,  to  show  that  a  very  few 
simple  truths  connect  the  ^ole,  as  Nbwton  showed  with  re^ 
spect  to  the  inferior  classifications  in  physics,  when  he  detect* 
ed  the  general  laws  of  inertia  and  gravity.  The  Science  of 
Life  is  divided  into  animal vaA  vegetable  Physiology  {seethe 
table  below.) 

Mind. — ^The  most  important  part  of  all  science,  is  the 
knowledge  which  man  has  obtained  of  the  laws  governing  the 
operations  of  his  own  mekd.  This  department  stands  emi- 
nently distinct  from  the  others,  on  several  accounts.  Unlike 
that  of  organic  l\fe,  which  could  not  be  understood  until  phy- 
sics and  chemistry  had  been  previously  investigated,  this  at- 
tained extraordinary  perfection  in  a  very  early  age,  when  the 
others  had  scarcely  begun  to  exist.  In  proof  of  this  assertior^, 
we  need  only  refer  to  the  writings  of  the  Greek  philosophers. 
The  most  brilliant  discoveries,  however,  were  reserved  for  the 
HKidems,  as  will  occur  to  many  readers,  on  perusing  in  the 
table  below,  the  several  divisions  of  the  subject,  and  recol- 
lecting the  honoured  names  which  are  now  associated  with 
each.  It  is  tndy  admirable  to  see  the  modern  analysis,  jdedo- 
cm^  from  a  few  simple  laws  of  mind  all  the  subordinate  de- 


partmento,  jost  w  it  dedvccto  meduudeay  IrfdrostctiGSy  poeii' 
nmiicBf  *e«  fimn  the  laws  •f  iriiy8i€B.--4t  is  to  be  rranarked 
herCf  tliat  tlie  law*  ef  mind  which  mail  ean  discover  by  rea- 
80ii»  IM  act  laws  of  independent  amMl,  but  of  mind  in  con- 
aeadon  with4»odjf  and  inflaeaced  by  the  bodily  condition.  It 
has  been  believed  by  rnany^  that  the  nature  of  mind  separate 
from  bodyf  is  to  be  at  once  aU^knowing  and  intsHigent.  But 
mind  connected  with  body  can  only  acquire  lUkowledge  riow- 
ly,  through  the  bodily  organs  of  sense,  and  more  or  less  per- 
fectly»  according  as  these  organs  and  tte  central  brain  are 
pmrfect.  A  human  being  bom  Uind  and  deaff  and  therefore 
remaining  damb^  as  in  the  noted  case  oi  the  boy  Mitchell^ 
grows  up  closely  to  resemble  an  automaton :  and  an  original- 
ly  nds-shapen  or  deficient  brain  causes  idiocy  for  life.  Child* 
hood»  maturity 9  dotage^  which  hove  such  diflerences  of  bodily 
powersy  have  corresponding  differences  of  mental  faculty; 
and  as  no  two  bodies^  so  no  two  minds^  in  their  external  ma* 
nifestalion,  are  quite  alike.  Fever  or  a  blow  on  the  head  wSl 
Instantly  change  the  most  gifted  individual  into  a  maaiac^ 
causing  the  lips  of  virgin  ianooenoe  ta  utter  revolting  ofosce* 
mQr,  and  those  of  pmre  religion  to  speak  horriUe  blasphemy: 
and  most  cases  of  madness  and  of  eceentricity  can  now  be 
traced  to  a  peculiar  state  of  the  brain.  Man  has  a  convic* 
tion^  inseparable  from  his  very  beings  that  his  soul  is  some* 
thing  distinct  fi*om  his  body^  and  awaiting  other  destinies : 
bntt  independently  of  Revelation,  as  is  shown  in  the  laboii- 
oos  reasonings  of  the  ancient  heathen  philosophers,  bis  no- 
tions on  the  subject  remain  very  vague. 

Quantity, — ^To  express  most  of  the  facts  and  laws  of  phy- 
sics, chemistry,  and  life,  terms  of  civahtitt  are  required^  as 
when  we  speak  of  the  magnitude  of  a  body,  or  say,  that  the 
force  of  attraction  between  two  bodies  diminishes  as  their  dis- 
tance increases.  Hence  arises  the  necessity  of  having  a  set 
of  fixed  measures  or  standards,  with  which  to  conq^are  all 
other  quantities.  Sueh  measures  have  been  adopted;  and 
they  are,  for  numbers,  the  fingers,  or  fives  and  tens;  for 
length,  the  human  foot,  cubit,  pace,  &c. ;  and  latdy  the  se- 
conds, pendulum  and  the  French  mttre  (taken  from  the  mag- 


BitQde  of  mvt  g^obe ;)  for  surfiM^es,  the  Bimplatt  tanas  of  cir- 
cle, sqimre,  triaagle,  &e ;  aod  for  solid  bulk^iUie  correspoiid- 
ing  simple  solids  of  g^obe,  cabe^  pyramid,,  cone,  &c#  Tbe 
roles  for  apidjing  these  standards  to  all  possible  cases,  and 
for  comparing  all  kinds  of  qaantities  urith  each  other^  consti^ 
tote  a  body  of  science,  called  the  Science  of  Quantity^  or  the 
Mathtmaiiea.  It  may  be  considered  as  a  fifth  and  anbaidia- 
ry  department  of  human  science.  Its  chief  snbdivisicHUi  are 
noted  in  the  taUe  below. 

Supposing  descripHono/pariicubin,  or  Natural  History^ 
to  be  studied  along  with  the  different  parts  of  tbe  JS^stem 
of  Science  sketched  in  the  table,  there  will  be  included  the 
whole  knowledge  of  the  universe  which  man  can  acquire 
by  the  exercise  of  his  own  powers ;  that  is  to  say,  which 
he  can  acquire  independently  of  a  supernatural  Bevektium. 
And  all  his  arts  are  founded  on  this  knowledge— -some  of  them 
on  the  single  part  of  Physics,  as  that  of  the  machinist,  aix^hi- 
tsct,  marinerf  carpenter,  &c.;  some  on  Chemistry,  which  in^ 
dndcA  Physics,  aa  that  of  tbe  miner,  glaasmaker^  dyer,  bsew- 
w,  &c.^  and  some  on  Phyaiology,  which  includes  all  the.re8t» 
as  that  of  the  scientific  gardener  or  botanist,,  sgricultiirist, 
aoologist,  &C.  The  business,  of  teacbeiv  of  all  kinds  and  of 
governors,  advocates,  linguists,  &c.  tuc.,  respects  chiefly  (he 
I  of  mind. 
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1.  Phtsics. 

2.  Chemistrh 

Bfeehuiia, 

Hydrotteticff 

Mmeralonr. 

Bydraulicf, 

Geology, 

PnMUfttiM, 

WhaaoMCf^ 

4keoii8ticf, 

Brewing. 

Optiea. 

I)yetog, 

Slaetokiigr, 

Tuuui^  , 

AstrononQTi 

ae. 

&c. 
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Vegeuble  Physiology, 
BoUny, 
Horticulture, 
A^culture, 
&c. 


AaimAl  PhyBielogy, 
Zoology, 
Anatomy, 
Pathology, 
Medicine, 
fcc. 


4.    MlND^ 

Metteet. 
Beaaoniog, 
Logic, 
Language, 
Education, 
fcc. 

Mtive  Powers. 
Emotions  and  Paanonf  > 
Justice, 

Aiorals, 
Qovernment, 
Political  Economy, 

Natural  'nieol<^,     . 


5.  Science  op  Qxtantitt, 

Arithmetic, 
Algebra, 
.  Geometry, 
&c. 

Il7  the  first  stage  of  education,  viz,  during  the  years  of 
childhood,  the  learning  acquired  is  necessarily  of  the  most 
miked  Iclnd,  and  is  determined  by  what  is  called  accident;  bat 
from  the  mutual  dependence  of  the  different  departments  of 
science*  as  explained  in  the  preceding  paragraphs,  it  foI« 
lows  that,  with  a  view  to  complete  erudition*  the  order  ex* 
hibited  in  «<TIie  Table,^'  is  that  in  which  they  should  be 
studiedt  so  as  to  prevent  repetitions  and  anticipations*  and  to 
diminish  as  much  as  possible  the  labour  of  acquirement 

Every  man  may  be  said  to  liegin  his  education*  or  acquisi- 
tion of  knowledge,  on  the  day  of  his  birth.  Certain  objects, 
repeatedly  presented  to  the  infant*  are  after  a  time  recognized 
and  distinguished.  The  number  of  objects  thus  known 
gradually  increases*  and  from  the  constitution  of  the  human 
mind,  they  are  soon  associated  in  the  recollection*  according 
to  their  resemblances,  or  obvious  relations.  Thus  sweet- 
meats* toys,  articles  of  dress.  &c.  soon  form  distinct  classes 
in  the  memory  and  conceptions.  At  a  later  age*  but  still 
very  early*  the  child  distinguishes  readily  between  a  stone  or 
mineral  mass*  a  vegetabk^  and  an  animal;  and  thus  his  mind 
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bflB  already  noted  tbe  tkree  cUineB  of  natural  bodies,  and  baa 
acqatred  a  cwtain  deg^^ee  of  acquaintance  with  Natural  Hie- 
iary.  He  also  soon  understands  the  phrases  <<  a  falling  body/' 
<«  the  force  of-^  nuiving  bodjr^"  and  has  therefore  a  perception 
of  the  great  physical  laws  of  gravity  and  inertia*  Having 
seen  sugar  dissolved  in  water,  and  wax  melted  round  the  wick 
of  a  homing  candle,  he  has  learned  some  phenomena  of 
Chemistry.  And  having  observed  tbe  conduct  of  the  domestic 
animals,  and  of  the  persona  about  him,  he  has  begun  his  ac- 
quait^nce  with  Physiology  and  the  Science  of  Mind.  Lastly, 
when  he  has  learned  to  count  his  fingers  and  his  sugar-plums, 
and  to  judge  of  the  fairness  of  the  division  of  a  cake  between 
himself'  and  his  brothers,  he  has  advanced  into  Arithmetic 
and  Geometry*  Thus  within  a  year  or  two,  a  child  of  com- 
mon sense  has  made  a  degree  of  progress  in  all  the  great  de-^ 
iHirtments  of  human  science ;  and  in  addition  has  learned  to 
name  objects,  and  to  express  fedings,  by  the  arbitrary  sounds 
of  language.  Boch,  tlien,  are  the  beginnings  or  foui^atiknis 
of  knowledge,  cm  which  future  years  of  experience^  or  me- 
thodical education,  must  rear  the  structure  of  the  more  con* 
siderable  attainments  which  befit  the  various  conditions  of 
men  in  a  civilized  communis. 

The  most  complete  edoeotion  as  regards  mind,  can  only 
€4MiBistin  an  acquaintance  with  Natural  History  and  Scienee^ 
and  vfiHk  the  signs  of  ideas,  viz.  languagei  in  one  or  more  of 
its  idioms,  and  the  visibU  signs  of  letters,  ciphers,  &c.  for 
representing  words.  As  regards  the  body,  it  consists  in  the 
formation  of  variQus  habits  of  muscular  action,  as  in  gymnas- 
tic exercises,  denc|ng,  ridings  in  performance  on  musical  in- 
strnntents,  games  of  address,  drawing  and  painting,  use  of 
fire-arms»  and  other  exercises  of  utility  or  amusement.  By 
reviewing  a  table  of  aoch  matters,  eaich  man  may  see  at  once 
what  he  ean  know>  aiid  what  it  may  suit  his  particular  con- 
dttioa  to  study. 

From  the  preceding  pages,  it  appears  that  the  Science  ef 
Nature  may  be  considered  aa  a  continnona  and  closely  con* 
nected  system  or  Us4ory,  which,  to  be  deariy  understood, 
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must  be  stttdied  according  to  the  natural  order  of  its  pails/ 
just  as  any  common  history  must  be  read  in  the  natural  order 
of  its  paragraphs.  But  so  little  has  this  truth  been  knomir 
or  at  least,  acted  upon  in  general,  that  perhaps  no  other 
human  plans  formed  with  one  object,  have  been  so  dissimyar 
and  inconsistent  as  the  common  plans  of  education.  The 
greater  part  of  the  deviations  from  the  arrangement  sketched 
above,  must  appear  so  obviously  errors,  to  any  person  who 
has  at  all  investigated  the  subject,  that  it  is  unncessary  here 
to  speak  of  them  particularly;  but  we  must  notice  the  impor- 
tant questions  as  to  whether  Mathematics  and  Logic  ahoold 
come  at  the  beginning  or  termination  of  a  course  of  scientific 
study. 

Mathematics  are  at  present  generally  made  the  beginning 
of  the  study,  and  the  reason  assigned  is,  that  scarcdy  any 
object  in  Physics,  Chemistry,  or  Organic  Life,  can  be  d#- 
scribed  without  referring  to  qtumtity  or  preportiofh  and 
therefore,  without  using  mathematical  terms.  .Now  this  ia 
true;  but  it  is  equally  true,  that  the  mathematical  knowledge, 
acquired  by  every  individual  in  the  common  experience  of 
CbiMhood  and  early  youth,  in  conjunction  with  the  commence- 
ments of  Physics,  Chemistry,  and  Life,  as  already  explained^ 
is  sufficient  to  enable  students  to  understand  all  the  great 
laws  of  nature, — ^nearly  as  the  knowledge  of  language  oIk 
fidned  at  the  same  time  is  sufficient,  without  any  study  of 
abstract  grammar,  to  enable  him  to  converse  on  all  common 
subjects.  There  are  few  persons  in  civilized  society  so  ig- 
norant, as  not  to  know  that  a  square  has  four  equal  sides, 
and  four  equal  comers  or  angles;  or  that  every  point  in  the 
circumference  of  a  circle  is  at  the  same  distance  from  the 
centre.  Now  so  much  of  unity,  simplicity,  and  harmony,  is 
there  in  the  universe,  that  such  simple  truths  as  these  are 
what  give  exact  cognizance  of  the  most  important  circum- 
stances in  the  phenomena  and  states  of  nature.  And  indeed 
as  the  'science  of  quantity,  in  its  highest  flights,  is  merdy 
comparison  of  the  various  sim^e  standards^  described  at 
page  xxiv^  with  each  other^  or  of  other  forms  «id  qontities 
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with  them^  and  as  the  standards  are  now  familiar  to  all  men 
liviiig  in  civilized  society^  from  types  or  examples  being  con- 
stantly under  Tiew»  almost  every  person  arrived  at  years  of 
discretion  knows  them  well,  and  therefore,  is  really  acquainted 
with  the  great  fundamental  truths  of  mathematics.  When  the 
general  laws  of  nature  are  once  comprehended,  and  the  mind 
has  become  familiar  Mrith  many  of  the  material  realities  of  the 
nniverse,  the*  study  of  the  higher  mathematics  becomes  ex- 
ceedingly inviting,  because  useful  applications  of  the  various 
truths  are  immediately  perceived:  and  a  good  course  on 
mathematics  is  made  to  include  higher  courses  on  Physics^ 
Chemlstiy,  and  Life*  But  most  persons  find  attention  to 
pure  or  abstract  mathematics  as  irksome  as  the  study  of  mere 
vocabulary  of  a  language  is  to  persons  not  permitted  to  read 
the  compositions  written  in  the  language,  and  sure  of  never  ha- 
ving to  speak,  or  even  think,  of  half  the  subjects  referred  to  by 
the  words.  This  explains  why  so  small  a  proportion  of  stu- 
dents, if  taught  in  the  common  way,  become  good  mathemati- 
cians; and  why,  where  pure  mathematics  are  made  the  avenue  to 
Natural  Philosophy,  this  also  is  so  much  neglccted.^ — ^AU 
though  the  degree  of  acquaintance  with  the  scie>%ce  of  mea* 
sures  which  is  general  among  civilized  men,  is  thus  sufficient 
to  enable  them  to  comprehend  the  great  laws  of  nature,  yet 
he  who  has  to  aiqily  his  knowledge  practically,  must  generally 
be  ready  with  his  arithmetic,  and  other  technical  aids, — an 
in  determining,  for  instance,  the  proper  curve  for  an  arch, 
or  in  ascertaining  the  height  of  a  mountain  by  a  barometer. 
It  is  remarkable  how  much  the  really  simple  and  attractive 
science  of  comparing  quantities,  has  been  rendered  terrible 
to  the  great  mass  of  mankind,  by  the  mystery  with  which  it 
was  surrounded  in  early  times,  and  which  still,  under  the 
barbarous  names,  borrowed  from  all  languages,  of  arithme- 
tic, algebrUf  fluodons,  geometry,  raathematicSy  &c.,  deters 
common  minds  from  the  study:  but  men  of  talent  are  now 
sraootiiing  the  access,  by  translating  the  old  technicalities 
into  the  common  languages,  and  by  mixing  with  the  abstrac- 
tions the  consideration. of  interesting  facts,  and  already  the 
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mest  useful  parts  are  opened  to  the  easy  reach  of  Gommon 
understaiidiHgs  and  of  common  leisure.  Now,  thereforey  the 
U-atiimay  be  told^  that  a  man's  education  is  very  imperfect  if 
tfio  science  of  measures  has  been  neglected.  The  mind,  when 
it  hi^o  nee  entered  on  this  study  by  a  good  routOf  is  in  general 
so  charmed  by  the  certainty  of  the  reasonings^  &b<1  the  can- 
scioumess  of  the  godlike  reach  of  i«te|lect»  which  can  pursue 
and  catch  truths  through  such  intricacies  as  sometimes  present 
themselves,  that  it  wants  no  other  stimulus  to  perseverance. 

Abstract  or  technical  Logic,  which  is  a  branch  of  the  science 
^f  mind,  has  nearly  the  same  relation  to  that  Logic  of  commoBr 
sense  which  every  man  of  soosd  mind  uses  in  reasoniiig  or 
conversing  on  any  subject,  as  the  abstract  mathematics  have 
to  tiie  mathematics  of  common  experience^  of  which  we  have 
now  spoken; — as  a  preliminary  study,  therefore^  it  is  of  a  piece 
with  Abstract  Mathematics,  and  has  been  commended  asBoch 
Oh  similariy  erroneous  grounds. 

The  notions  on  education  prevalent  in  tlie  world  until  re* 
cently,  have  been  as  erroneous  with  respect  to  the  compara- 
tive  importance  of  different  branches  of  knowleilge  as  with  re- 
spect to  the  order  of  study.  Thus  at  many  of  our  famed 
schools,  and  even  universities,  the  attentimi  has  been  direct- 
ed almost  solely  either  to  Languages  and  Logie^  or  to  •M^ 
stract  Mathematics;  the  preceptors  seeming  to  forget  that 
these  objects  have  no  value  but  in  their  application  to  Physicsy 
Chemistry y  Life^  and  Mind.  The  reason  for  bestowing  much 
attention  on  the  Greek  and  Roman  languages  was  good 
some  centuries  ago,  because  then  no  book  of  value  existed 
which  was  not  written  in  one  of  these  langua^  $  but  now 
the  case  is  completely  reversed,  for  he  who  learns  almost  any 
matter  of  science  from  old  books  is  learning  error  or  at  the 
least,  knowledge  far  short  of  modern  erudition.  As  to  th]B 
higher  matliematics,  again,  while  they  merit  great  honour, 
as  being  the  instrument  by  which  many  useful  discoveries  hare 
been  made,  and  the  conjectures  of  powerful  minds  have  been 
conftrmcsdt  still  a  very  deep  investigation  of  them  is  neftii^ 
possible  to  the  generality  of  men,  nor  if  it  were  so^  would  it 
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be  of  any  utility.*  The  mode  of  proeeeding  to  which  we 
have  now  allnded,  is  jost  as  if  a  maa^  to  whoai.periBiesiQn 
were  given  to  enter  and  possess  a  magnificent  garden^  on  con- 
dition  of  his  procuring  a  key  to  open  the  gate»  and  measures 
of  an  kinds  to  estimate  the  riches  contained  wiiUn,  should 
waste  his  whole  life  on  the  road,  in  polishing  one  key,  or  in 
procuring  several  of  diftrent  materials  and  worknisasMp, 
snd  in  preparing  a  multiplicity  of  unnecessary  measures. 
This  and  many  similar  errors,  arise  from  men  not  being  in 
general  tanght  to  carry  in  their  minds  a  clear  conception  of 
the  general  fidd  of  linman  knowledge,  and  thence  of  the 
comparative  importance  of  the  different  subdivisions, — ^tho 
possession  of  which  conception  is  perhaps  the  most  valuable 
single  acquirement  which,  the  mind  eao  make*  He  whose 
view  is  bounded  by  the  limits  of  one  or  two  small  depart- 
meats,  will  probably  have  very  false  ideasevenof  them,  but  he 
certainly  will,  of  other  parts,  and  of  the  wliole;  ao  as  to  he 
constantly  exposed  to  commit  errors  hurtful  to  himself  or  to 
others.  His  mind  compared  to  the  welUordered.  mind  of  a 
pn^rly  educated  man,  is  what  the  crooked  and  mis-shapen 
body  of  the  mechanic,  confined  to  certain  actions  and  att». 
tttdes,  is  to  the  godlike  form  of  the  most  perfect  specimea  of 
hnman  natnre. 


*Our  author  hu  not,  we  think,  estimated  jnitly,  the  value  of  a  knowledge  of 
the  dead  leagiuagee  and  mathnnatica.  It  is  not  our  purpose  to  enter  inio  a  defence 
•f  dMia,  Imt  w  may  nmark  Uiat,  if  fSkeek  and  Latin  were  letniiwrtly  fortlie 
purpose  of  enabling  a  person  to  read  the  works  of  science,  wxjtten  in  these  lan- 
guages, and  mathematics,  only  that  one  may  determine  the  time  of  a  body  descend- 
ing down  the  chord  of  a  circle;  the  greatest  rectangle  that  can  be  constructed  in  a  g1- 
van  triangle  ;  or  the  tme  of  a  ball,  wlaeh,  being  ietfall  mto  a  conical  glass,  of  a  ||. 
vea  siie»  full  of  water,  shall  expel  the  moat  water  poeaibU  froaa  the  glaaa;  their  value 
would  indeed  be  small  But  the  object  of  education  is  to  cultivate  and  enlarge 
the  mental  faculties,  and  the  diderent  branches  of  study  must  be  estimated  as  they 
conduce  to  that  eiri.  In  this  Tiew,  the  classics  and  mathematics,  we  do  not  hesi- 
tate to  aaaeit,  hold  •  Tery  Ugh>  if  not  the  hi|^i«t  nnk.  That  they  ue  not  eifual- 
]y  is^ortattt  to  aU,  and  that  they  are  nBattaiaab}e  by  many,  it  true ;  but  they  are 
essential  in  a  liberal  scheme  of  edttcation. 

Am.  Ep. 
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By  arraagiag  aeience  according  to  its  nati^al  relations,  and 
therefore  so  as  to  avoid  repetitions  and  anticipations,  a  very 
complete  system  might  be  exhibited  in  small  bulk,  viz.  in  five 
vokmies,  of  which  the  separate  titles  would  be,  1st  Physics; 
dd.  Chemiatry  ;  3d  Organic  Life^  or  Physiology  ;  4th  Mind; 
and  5th  Measures  or  Mathematics.  From  such  works,  with 
less  trouble  than  it  now  costs  to  obtain  familiarity  with  one 
new  language,  a  man  might  obtain  a  general  acquaintance 
with  science.  And  such  is  the  close  relation  of  the  depart- 
ments of  science  with  each  other,  that  consummate  skill  in 
any  one  may  generally  be  acquired  more  easily  by  first  stu- 
dying the  whole  in  a  general  way,  and  then  applying  parti- 
cularly to  that  one,  than  by  fixing  the  attention  from  the  be- 
ginning upon  it  more  exclusively.  The  study  of  Anatomy 
thus  becomes  very  easy  to  one  who  has  first  studied  Physics* 
The  book  of  five  volumes  would  merit  the  name  of  the  Book 
of  Nature.  To  have  all  the  perfections  of  which  it  is  sus- 
cepttUe,  it  can  be  looked  for  only  from  academies  of  science 
or  associations  of  learned  men :  and  even  then,  it  cannot  be 
ounpiied,  as  many  encyclopedias  have  been,  by  each  indivi- 
dnal  taking  a  distinct  part  or  parts ;  but  by  the  parts  being 
undertaken  conjointly  by  sevei*al  persons,  so  that  he  who 
conceives  most  happily  for  students  may '  sketch,  he  who  is 
learned  may  amplify  and  complete,  he  who  is  correct  may 
purge,  he  who  is  tasteful  may  beautify,  &c.  After  such  a 
book  existed,  it  would  not  become  the  object  of  talented  indi- 
viduals  to  write  a  new  book — ^which  again  would  necessarily 
have  the  imperfections  of  an  individual  attempt — but  to  as- 
sist, under  the  direction  of  a  superintending  council,  in  per- 
fecting the  existing  work.  The  composition  of  the  Book  of 
Nature  might  be  a  worthy  object  of  rivalry  even  between  na- 
tions. At  present  a  great  part  of  human  labour,  and  genius, 
and  existencei  is  wasted  for  want  of  such  a  work.  Students, 
from  having  no  direction,  or  only  that  which  is  faulty,  apply 
to  sobjeots  in  unnatural  order,  and  therefore  neither  well  un- 
derstand them  at  first,  nor  remember  what  they  read.  Many 
who  study  various  works  on  the  same  subject,  that  the  imper- 


fections  of  one  may  bo  corrected  or  soppUed  bj  the  ofiietv^ 
are  confounded  by  the  diflforence  of  arrangement  met  witb> 
and  unless  they  submit  to  the  laborious  task  of  making  a  com- 
plete analysis  of  all,  they  seldom  have  clear  notions  at  last* 
The  vast  increase  of  labour  also  occasioned  by  iUi*ordered 
study,  discourages  and  disgusts  the  greater  part  of  them. 
If,  however,  by  the  care  of  governments  or  of  universitieSf 
the^t^e  volumes  were  in  existence,  and  their  authoritative 
character  known,  a  spirited  youtii,  when  he  began  his  studies^ 
from  seeing  at  once  the  limited  extent  of  his  task,  would  en- 
ter upon  it  with  that  alacrity  and  confidence  which  would  soon 
make  him  accomplish  the  whole.  During  tlie  complete  re« 
view,  also,  of  science  and  art  then  made,  each  individual 
would  be  able  better  to  choose  the  occupation  in  life  suited  to 
his  powers  and  character.  The  minds  of  persons  generally^ 
becoming  Aus  fully  informed  in  the  season  of  their  young  vi- 
gour, would  commence  their  flight  in  quest  of  new  discoverw 
ies  fipom  greater  elevations  than  their  predecessors,  and  might 
be  expected  to  attain  still  higher  objects.  The  finest  enter- 
prizes  of  human  genius  have  been  plumed  and  commenced^ 
and  often  accomidished  in  eaaij  youth.  There  woidd  be  tbiflC 
further  important  consequence,  that  permms  being  made  so 
soon  to  understand  the  beauty  and  grandeur  of  creation, 
would  acquire  an  elevation  of  mind,  rendering  them  less 
likely  afterwards  to  lapse  into  those  sinks  of  indolence  and* 
vice  which  now  engulph  so  many. 

Were  such  elementary  treatises  once  in  existence,  they 
might  be  maintained  complete  by  a  periodical  incorporation 
of  new  discoveries ;  and  if  furnished  wiUi  correct  and  copious 
references,  they  might  form  an  index  to  the  whole  existing, 
mass  of  knowledge.  This  Book  of  Natttre  would  be  of  mom 
value  to  the  world  than  any  other  conceivable  institution  4i9r 
education,  for  it  would  convert  the  minds  of  millions  into  in-, 
teilectual  organs  of  advancement,  and  in  the  crowd  thore 
would  probably  be  found  in  every  age,  even  many  as  highly 
endowed  by  nature,  as  any  that  have  yet  appeared  along  the 
continued  stream  of  time. 
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Titt  increased  IwiUiy  of  acqajremest  here  OMtooqriatedi 
wovld.by  no  mtams  pmt  an  end  to  the  distinctioiis  among  men 
of  learned  and  unleamed,  as  some  might  fear.  The  plan 
provides  for  more  sound  and  useful  information  in  the  first 
grades  of  study^  the  infloenco  of  which  vould  be  felt  through 
oil ;  butii  leaves  the  unlimited  fields  of  mathematical  rosearcb^. 
of  BeUes-Lettrest  of  Natural  Historyf  &c.  as  open  as  ever  to 
the  enteriMriaes  of  leisure^  and  of  peculiar  taste.  It  is  true^ 
that  the  whole  intellect  of  the  community  would  be  awakened^ 
and  that  existing  talent  would  eyery  where  be  elicitedt  and 
omployed  in  what  it  were  most  fit  to  undertake ;  but  this  result 
would  be  for  the  general  advantage  o£  the  stato. 

'  In  the  Goorso  of  the  preceding  disquisition^  we  have  seen 
that  Physics  or  Natural  Philosophj^f  the  subject  of  the  pre- 
sent volume,  is  fundamental  to  the  other  parts,  and  is  there- 
fbro  that  of  which  the  knowledge  is  the  most  indispensabk. 
Bacon  very -truly  calls  it  « the  root  of  the  sciences  and  arts,'* 
ThiU  its  importance  has  not  been  muked  by  the  place  which 
it  has  held  in  common  systems  of  education^  is  owing  chie&y> 
1st  to  the  misconception  already  spoken  of  and  refuted,  that  a 
knowledge  of  technical  matliematics  was  a  necessary  pr^im- 
inary ;  and,  Sd.  to  an  opinion,  also  erroneous,  that  the  degree 
of  acquaintance  with  Physics  which  all  person?  acquire  by 
common  experience,  is  sufficient  fbr  common  purposes ; — ^It 
is  true  that  the  toys  of  childhood,  as  the  windmill,  ball,  syphon 
tube,  sod  a  hundred  others,  furnish  so  many  examples  of  the 
laws  of  Physics,  and  may  well  be  called  a  philosophical  appa* 
ratus ;  but  they  give  information  which  is  exceedingly  vague, 
and  not  at  all  such  as  is  now  absolutely  requisite  in  the 
practice  of  many  of  the  arts. — ^If  the  study  of  Physics  be  so. 
easy,  then,  as  now  appears,  and  so  important  as  we  shall  try 
stiH  farther  to  show,  there  can  be  no  excuse  for  neglecting  iU 
The  greatest  sum  of  knowledge  acquired  with  the  least 
trouble,  is  that  which  comes  with  the  study  of  the  iew 
simple  truths  of  Physics.  To.  the  man  who  understands 
these,  very  many  phenomena,  wiiich  to  the   uniiifoniied 
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appear  prDdigies,  are  only  beaiittbl  illustrations  of  his  fiinda- 
mehtal  knowled^^ — and  this  be  cafrries  about  with  blm^  not 
as  an  oppressive  weigfit>  but  as  a  charm  sopportirig'  the 
weight  of  other  knowledge,  and  enabling  him  to  add  to  Ms 
Taluable  store  ererj  new  fact  of  consequence  whieh  may  of- 
fer itself.    With  such  a  principle  of  arrangement,  Us  infor- 
mation instead  of  resembling  loose  stones  or  rubbish  thrown 
together  in  confusion,  becomes  a  noble  edifice,  of  corrett 
proportions  and  firm  contexture,  whicb  is  acquiring  greater 
strength  and  consistency,  with  the  experience  of  every  sue- 
ceeding  day.    It  has  been  a  common  prejudice,  that  persons 
thus  instructed  in   general  laws  had    their  attention   too 
much  divided,  and  could  know  nothing  perfectly.    The  very 
reverse,  however,  is  true  ;  Ibr  general  knowledge  renders  all 
^particular  knowledge  more  clear  and  precise.    The  ignorant 
man  may  be  said  to  have  charged  his  hundred  hooks  of 
knowledge,  to  use  a  rough  simile  with  single  objects,  while 
the  informed  man  makes   each  support  a  long  chain,  to 
which  thousands  of  kindred  and  useful  things  are  attached* 
^he  laws  of  Philosophy  may  be  compared  to  keys  which  giv© 
admission  to  the  most  delightful  gardens  that  fancy  can  pic- 
ture; or  to  a  magtc  power,  which  unveils  the  face  of  the  uni- 
verse, and  discloses  endless  charms  of  which  ignorance  never 
dreams.    The  informed  man,  in  the  world,  may  be  said  to 
be  always  surrounded  by  what  is  known  and  friendly  to  him, 
while  the  ignorant  man  is  as  one  in  a  land  of  strangers  and 
enemies.    A  man  may  read  a  thousand  volumes  of  ordinary 
hooks  as  agreeble  pastime,  leaving  vague  impressions;  but  he 
who  stadiesi;he  Book  of  Naturt^  converts  the  great  universe 
into  a  simple  and  sublime  history,  which  tells  of  God,  and 
may  woiiihily  occupy  his  attention  to  the  end  of  his  days. 

We  have  said  alrestdy,  that  the  laws  of  Physics  govern  the 
great  natural  phenomena'  of  Astronomy,  the  tides,  winds, 
currents,  &c.  We  wilt  now  mention  some  of  the  artificial 
purposes  to  which  man's  ingenuity  has  mttde  the  same  laws 
subservient.    Nearly  all  that  the  citll  engineer  acic^mpiishe8> 
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ranges  under  the  head  of  Physics.    Let  os  take,  for  instance^ 

the  admirable  specimens  scattered  over  the  British  Isles  : 

the  numerous  canals  for  inland  traffic;  the  docks  to  receive 
.the  riches  of  the  world  pouring  towards  us  from  every  quar- 
ter ;  the  many  harbours  offering  safe  retreat  to  the  storm-driv- 
en  mariner ;  the  magnificent  bridges  which  every  where  fa- 
cilitate  intercourse ;  hills  bored  through,  to  open  roads  for 
commerce  by  canal  boats  or  carriages,  roads  which  are  sup- 
ported on  arches  across  valleys  or  above  rivers,  so  that  here 
and  there  the  singular  phenomenon  is  seen  of  one  vessel  sail- 
ing directly  over  another  ,•  vast  tracks  of  swamp  or  fen-Iand 
drained,  and  now  serving  for  agriculture;  the  noble  light- 
house,  rearing  its  head  amidst  the  storm,  while  the  dweller 
within  trims  Ids  lamp  in  safety,  and  guides  his  endangered 
fellow-creature  through  the  perils  of  the  night,  &c,  &c. 

In  Holland,  great  part  of  the  country  has  been  stolen  from 
the  sea  by  the  same  almost  creating  power;  and  now  rich  ci- 
ties, and  an  extended  garden,  smile,  where,  as  related  by 
C»sar,  were  formerly  only  bogs  and  a  dreary  waste. 

As  a  general  picture,  it  is  interesting  to  consider,  that  in 
many  situations  on  earth  where  formerly  the  rude  savage  be- 
held  the  cataract  falling  among  the  rocks,  and  the  wind  bend- 
ing  the  trees  of  the  forest,  and  sweeping  the  clouds  along  the 
mountain's  brow,  or  whitening  the  face  of  the  ocean,  and  re- 
garded  these  phenomena  with  awe  or  terror,  as  marking  the 
agency  of  some  great  but  hidden  power  which  might  destroy 
him;— in  the  same  situations  now,  his  informed  son,  who 
works  with  the  laws  of  nature,  can  lead  the  waters  of  the  car 
taract  by  sloping  channels,  to  convenient  spots^  where  they 
are  made  to  turn  his  miU-wheel^  and  to  do  his  multifarious 
work.  The  rushing  winds,  also,  he  makes  hisi  servants,  by 
rearing  in  their  course  the  broad-vaned  windmill,  which  then 
performs  a  thousand  offices  for  its  master,  man.  And  the 
breezes  which  whiten  ocean  are  cai^ht  in  his  expanded  sails, 
and  arc  made  to  waft  their  lord  and  his  treasures  across  the 
deep  for  his  pleasure  or  his  profits 
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'  In  Arclkitecturc  Physics  is  also  supreme^  and  has  ruled  the 
construction  of  the  temples^  pyramids,  domes,  and  palaces 
which  adorn  the  earth. 

In  respect  to  machinery  generally,  Physics  is  the  guiding 
light  There  are  the  mighty  steam-engine^  machines  for 
sjrinning  and  weaving,  and  for  moulding  other  bodies  into  va- 
rious shapes,  yea,  even  iron  itself,  as  if  it  were  plastic  clay  5 
vifindmills,  and  watermills,  and  wheel  carriages :  the  plough 
and  implements  of  husbandry ;  artillery  and  the  furniture  of 
war  j  the  balloon,  in  which  man  rides  triumphantly  above  the 
clouds,  and  the  diving  bell,  in  which  he  penetrates  the  secret 
caverns  of  the  deep;  the  implements  of  our  intellectual  arts, 
of  printing,  drawing,  painting,  sculpture,  &c;  our  musical  in- 
struments; our  optical  and  mathematical  instruments,  and  a 
thousand  others. 

*  Besides  having  all  these  and  other  uses,  Physics  is  an  im- 
portant foundation  of  the  healing  art.  The  medical  man, 
uideed>  is  the  engineer  pre-eminently ;  for  it  is  in  the  animal 
body  that  true  perfection  and  the  greatest  variety  of  mecha- 
cbism  are  found.  Where  is  there,  to  illustrate  Mechanics^ 
a  system  of  levers  and  hinges,  and  moving  parts,  like  the 
limbs  of  an  animal  body  ;  where  such  an  hydraulic  appara* 
tus,  as  in  the  heart  and  blood-vessels;  such  9i  pneumatic  ap- 
paratus, asin  the  breatliing  chest ;  sucli  acoustic  instruments  as 
in  the  ear  and  larynx ;  such  an  optical  instrument,  as  in  the  eye; 
in  a  word,  such  mechanical  variety  and  perfection,  as  in  the 
whole  of  the  visible  anatomy !  All  these  structures  the  me- 
dical man,  of  course,  should  understand,  as  a  watchmaker 
knows  the  parts  of  the  machine  about  which  he  is  employed. 
The  latter,  unless  he  can  discover  where  a  pin  is  loose,  or  a 
^eel  injured,  or  a  particle  of  dust  adhering,  or  oil  wanting, 
&c.,  would  ill  succeed  in  repairing  an  injury ;  and  so  also  of 
the  ignorant  medical  man  in  respect  to  the  human  body.  Yet 
will  it  be  bdieved,  that  there  al^e  medical  men  who  neither 
vilderstand  mechanics,  nor  hydraulics,  nor  pneumatics,  nor 
optics,  nor  acoustics,  beyond  the  merest  routine ;  and  that  sys- 
tems of  ;iiedic$il  education  are  put  forth  at  thia  day  wbi^h  do^ 
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not  even  Bientioti  Uie  department  of  Physics! — ^Tbntsackis 
the  case,  ftirniahes  illustration  of  what  is  stated  in  the  begin- 
ning of  this  essay ;  that  the  aciences  and  arts  are  progres- 
sive, and  that  perfect  methods  of  eiliication  must  arise  gradu- 
Mljr  like  all  other  things  of  human  contrivance.  It  is  within 
the  recollection  of  persons  now  living*  tliat  political  economy 
has  been  discovered  to  he  a  grand  foimdation  of  tlie  art  of  go- 
vernment^ indicating  means  of  security  Against  many  nation- 
al mi6fortune.s  common  in  former  times,  yea,  against  even  fa* 
mine  and  war.  And  the  day  is  not  distant,  when  the  mem- 
bers of  the  medical  profession  generally  will  understand  how 
much  the  correct  knowledge  of  animal  structure  and  funo** 
tion,  and  of  many  remedies,  must  depend  on  precise  acqoaia** 
taiice  of  Physics. 

Besides  the  strictly  professional  matters  contained  in  tlie 
medical  sections  of  the  present  work,  there  are  many  others 
scattered  through  it  which  must  interest  the  medical  man;  such 
are  the  subjects  of  meteorology,  climate^  ventilation  and 
w&Tming  of  dwellings,  specific  gravities,  &c.  &c«  But>  indeed, 
what  part  of  Natural  Philosophy  is  not  interesting  to  a  medt- 
eal  man,  since  the  whole  is  becoming  every  day  more  and  more 
a  part  of  a  liberal  education  I  In  our  cities  now,  and  even  ia 
an  ordinary  dweHing^hoose,  a  man  ia  surrounded  by  prodi- 
gies of  4necbanic  art ;  and  with  his  proud  reason,  is  he  to  use 
these,  as  oareleas  of  how  they  are  produced,  as  a  horse  is  care- 
less of  how  the  corn  falls  into  his  manger  ?  A  general  diffusion 
of  knowledge  is  clianging  the  condition  of  man  and  tiev^ting 
the  human  character  in  aU  ranks  of  society*  Our  remote 
forefathers  were  generally  divided  into  small  states  or  soci- 
eties, having  few  relations  of  amity  with  surrounding  tribes, 
and  their  tliooglits  and  interests  were  confined  very  mudt 
within  their  own  little  territories  and  mde  habits.  In  auc- 
<^®^*^f  M;^»  their  descendants  found  themselves  belonging  to 
larger  conmuAitie^  as  when  the  English  heptarchy  was  uni- 
ted, but  still  remote  kingdoma  and  quarters  of  the  world  wero 
of  no  interest  to  them,  and  were  oCtcn  totally  unknown.  Now, 
however,  every  one  sees  himself  a  member  of  one  vast  ckviU. 


ised  sacMy,  wliicb  covers  the  faee  of  the  eartb ;  and  no  part 
of  the  eartk  is  indiSereRt  to  him.  In  England  a  man  of  small 
fortune  may  cast  bis  looks  around  himf  and  say  with  trnth 
and  exultation^  ^  I  am  lodged  in  a  house  that  affords  me  eon* 
veniences  and  comforts  which  even  a  king  could  not  command 
some  centuries  ago.  Shijis  are  crossing  tiie  seas  in  evei^  di* 
rection^  to  bring  me  what  is  useful  to  me  from  aU  pacts  of 
the  earth.  In  Chinaf  men  are  gathering  the  tea-leaf  for  me  ; 
in  America,  they  are  planting  cotton  forme  ;  in  the  West-In^ 
dia  islands,  they  are  preparing  my  sugar  and  my  cotfiee  t.  io 
Italy,  they  are  feeding  sUk<>worras  for  me ;  in  Saxony^  they 
are  sheaoing  the  sheep  to  make  me  clothing;  at  home,  power- 
ful steam-engines  are  spinning  and  weaving  for  me  and  ma- 
king cutlery  for  me,  and  pumping  the  mines,  that  minerals 
useful  to  me  may  be  procured.  Although  my  patrimony  was 
small,  I  have  post<-coaches  running  day  and  night,  on  all  the 
roads,  to  carry  my  correspondence  ;  I  have  roads,  and  canals> 
and  bridges,  to  bear  the  coal  for  my  winter  fire :  nay,  I  have 
protecting  fleets  and  armies  around  my  happy  country,  to  ee* 
cure  my  enjoyments  and  repose.  Then  I  have  editors  and. 
printers,  who  daily  send  me  an  account  of  what  is  going  xin 
throughout  the  worlds  among  all  these  people  who  serve  me*. 
And  in  a  corner  of  my  house,  I  have  Books  !  the  miracle  of 
all  my  possessions,  more  wonderful  than  tiie  wishingcap  of 
the  Arabian  tales  ;  for  they  transport  me  instantly  not  oukyto^ 
aB  places,  but  to  all  times*  By  my  books  I  can  conjure  u^ 
before  me,  to  vivid  existence,  all  the  great  and  good  men  of 
antiquity;  and  for  my  individual  satisfaction.  I  can  make 
tbem  act  over  again  the  most  renowned  of  their  exploits :  the 
orators dedaim  for  me:  the  historians  recale:  the  poets  singt 
and  from  the  equator  to  the  pole,  or  fit*om  the  beginning  of 
time  until  now^  by  my  books,  I  can  be  where  I  please*''*** 
This  picture  ia  not  overcharged,  and  might  be  much  extend- 
ed $  such  being  Ood's  goodness  and  providence,  that  each  in- 
dividual of  the  civilized  millions  that  cover  the  earth,  may 
have  nearly  the  same  eiyjoyments  asi  if  he  were  the  single 
l»rd  of  alK 
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Reyertiiig  to  the  importance  of  Natural  Philosophy  aB  a 
general  stady,  it  may  be  remaricedi  that  there  is  no  occupa- 
tion which  so  much  strengthens  and  quickens  the  judgment. 
This  praise  has  usually  been  .bestowed  on  Mathematics;  yet 
a  knowledge  of  abstract  Mathematics  existed  with  all  the 
absurdities  of  the  dark  ages;  but  a  familiarity  with  Natural 
Philosophy,  which  comprehends  Mathematics,  and  gives 
tangible  and  pleasing  illustrations  of  the  abstract  truths, 
seems  incompatible  with  any  gross  absurdity*  A  man  whose 
mental  faculties  have  been  sharpened  by  acquaintance  with 
these  exact  sciences,  in  their  combination,  and  who  has  been 
engaged,  therefore  in  contemplating  real  relations^  is  more 
likely  to  discover  truth  in  other  questions,  and  can  better 
defend  himself  against  sophistry  of  every  kind.  We  cannot 
have  clearer  evidence  of  this,  than  in  the  history  of  the  sci- 
ences, since  the  Baconian  method  of  reasoning  by  induction 
took  place  of  the  visionary  hypotheses^  of  preceding  times. 
Until  then,  even  powerful  minds  did  not  recoil  from  the  most 
absurd  theories  on  all  subjects.  Astronomy  was  mixed  with 
Astrology;  Chemistry  with  Alchemy;  Physiology  with  the 
singular  hypotheses  which  preceded  the  discovery  of  the  cir- 
culation of  the  blood;  politics  with  the  absurdities  of  mon- 
opolies,  prohibitions,  balance  of  trade,  &c* — Even  religion 
itself,  in  various  ages  and  countries,  has  felt  the  influence  of 
the  state  of  the  public  mind  as  to  solid  attainments.  To  a 
man  with  the  knowledge  of  nature  which  we  now  possess, 
the  fables  and  licentious  abominations  of  the  Greek  or  Roman 
theobgies  are  shocking  indeed;  as  are  the  religions  of  the 
God  of  fire  in  China,  of  Vishnoo  in  India,  of  Mahomet's  im- 
posture and  pretended  miracles,  &c. — ^But  the  enlightened 
Christian  minister  earnestly  recommends  the  study  of  nature; 
first,  because  from  contemj^ating  the  beauty  of  creation  dis- 
covered by  general  science,  with  the  wisdom  and  benevolent 
design  manifest  in  all  its  parts,  there  spring  up  in  every  un- 
depraved  mind  those  feelings  of  delight  and  gratitude,  which 
constitute  the  adoration  of  natural  religion,  and  which  form> 
as  shown  hy  many  admirable  writers  on  Natural  Theology* 
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a  fit  fttundation  for  the  sublime  doctrine  of  immortalify :  and 
secondly,  because  a  Revelation  must  be  proved  by  the  miracles 
which  accompanied  its  establishment;  and  to  enable  men  to 
distinguish  between  miracles  and  the  usual  course  of  nature, 
a  perfect  knowledge  of  that  course,  or  of  Natural  PbUosophy 
IS  essential.    All  the  false  religions  of  antiquity  were  founded 
on,  and  upheld  by  pretended  miracles.    As  regards  the  ones 
tion  of  immortality,  even  independently  of  Revelation,  no  mail 
who  contemplates  the  order  and  beauty  of  the  material  world 
and  who  sees  the  hideous  deformities  of  the  moral  worid— 
where  vice  so  often  triumphs,  and  modest  virtue  pioes  and 
dies— can  for  a  moment  believe  them  to  be  the  work  of 
the  same  author,  unless  there  be  an  hereafter  or  retribution  • 
and  feeling  that  eternal  justice  requires  another  state  for  man' 
he  embraces  with  delight  the  cheering  promises  of  Cbristiajn- 
aty.    There  have  been,  however,  at  various  times,  even 
among  Christians,  sincere,  but  weak  or  ill-informed  men, 
who  decried  the  study  of  the  natural  sciences,  as  inimical  to 
true  religion— as  if  God's  ever-visible  and  magnificent  reve- 
lation  of  his  attributes  in  the  structure  of  the  universe  could 
be  at  variance  with  any  other  revelation  .'—Bat  such  pwj 
judices  are   quickly    passing  away.    Where    considerable 
knowledge  of  nature  exists,  debasing  and  gloomy  superstition 
must  cease.    It  is  not  the  abject  terror  of  a  slave  which  is  in- 
spired by  contemplating  the  majesty  and  power  of  our  God, 
as  displayed  in  his  works,  but  a  sentiment  akin  to  the  tender 
regard  which  leads  a  favoured  child  to  approach  with  confi- 
deuce  a  wise  and  indulgent  parent 

It  now  only  remains  for  the  author  to  say  a  few  words  witli 
respect  to  the  present  volume.  -Witli  his  belief  that  ere  long 
associations  of  able  men  will  be  employed,  in  the  way  stated 
in  a  former  page,  to  frame  and  connect  the  parts  of  an  ele- 
mentary Book  of  Nature,  he  adds  this  to  the  already  existing 
treatises  on  Physics,  merely  with  the  hope  that  it  may  serve 
usefully  for  a  time,  and  may  then  fomish  its  share  of  hints 
for  the  composition  of  one  more  complete.    Every  person  of 


Xl  IWtaODUCTION*. 

libei^  education  must  possefis  socb  a  book^  not  to  be  read 
once  and  thrown  aside  as  a  novel,  but  to  be  frequently  con- 
sulted as  a  manual.  The  author  was  originally  led  io  this 
undertaking  with  the  view  of  supplying  the  desideratum  ih 
medical  literature,  of  a  treatise  on  Medical  Physics:  but  per- 
ceiving, as  he  proceeded,  that  the  preliminary  investigation 
of  General  Physics,  required  to  suit  the  work  to  medical 
readers,  would  require  to  be  nearly  as  extensive  as  if  the 
work  were  for  general  readers,  he  determined  to  make  it  as  com<- 
plete  and  as  extensively  useful  as  possible.  He  has  been  en- 
couraged, during  his  labour,  by  the  belief,  that  the  growing 
light  of  science  which  now  exhibits  more  clearly  the  natural 
relations  of  the  different  departments  of  study,  as  attempted 
to  be  pourtrayed  in  the  preceding  pages,  might  enable  him 
to  avoid  some  of  the  defects  of  former  elementry  treatises, 
and  to  add  some  features  of  npvelty  and  improvement  to  his 
own.  He  thought  that  an  elementary  treatise  on  Natural 
Philosophy  should  be  characterized — ^by  requiring  in  the 
reader  no  previous  information,  but  a  knowledge  of  the  lan- 
guage in  which  it  is  written,  and  the  commonest  experience 
of  the  world,'  by  having  an  arrangement  of  the  subjects,  as 
scientific  or  methodical  as  in  a  strictly  mathematical  treatise, 
yet  without  using  a  single  term  of  technical  mathematics;  by 
the  general  principles  being  illustrated  in  all  cases,  by  bring- 
ing before  the  reader  rather  interesting  natural  phenomena^ 
than  artificial  experiments  and  dry  abstract  I'easonings;  by 
containing  nothing  of  so  little  interest  as  to  be  readily  for- 
gotten ;  by  being  calculated  for  general  readers,' and  not  for 
those  of  one  profession  or  class ;  by  embracing  such  an  ac- 
count of  recent  improvements,  as  to  foster  the  spirit  which 
leads  to  furtlier  study  and  advancement,  &c. — In  composing 
the  general  chapters  of  the  work,  the  author,  as  far  as  bis 
ability  and  leisure  would  permit,  has  been  guided  by  these 
considerations.  The  sections  on  Animal  Physics  were,  of 
course,  written  for  medical  men  ^  and  a  gi*eat  service  wiH  be 
rendered  by  the  work,  if  it  only  awakens  them  to  a  just  sense 
of  the  importance  of  Physics,  as  one  of  the  foundations  of 
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tiieir  art.  But,  even  for  gen^nd  readers,  Uim  ane  kw  parte 
of  these  secttons  wbich  the  author  wcwild  exclade*  There  m 
nothing  more  admirable  in  nature  ijian  the  Btmctare  and 
fuRctioDS  of  tlie  human  body,  and  there  are  many  reaaans 
why  no  liberal  mind  should  be  careless  of  the  study.  The 
details  here  are  not  more  anaiomicaly  tbaa  the  illustrations 
from  the  animal  economy  contained  in  the  common  treatises 
on  Natural  Theology. — ^From  the  attempt  in  this  work,  to 
compress  into  the  smallest  possible  space  the  greatest  possi- 
ble sum  of  scientific  information^  few  historical  details  have 
been  admitted,  whether  relating  to  the  distinguished  men  who 
have  benefited  the  world  as  authors  or  inventors,  or  to  the 
history  of  the  progress  of  science:  such  details  form  an  inte- 
resting, but  distinct  branch  of  study.  With  the  concluding 
part  of  the  work  a  list  will  be  given  of  the  best  authors  who 
have  treated  on  the  various  subjects.  • 

Tlie  author  must  not  conclude  without  observing,  that  no 
treatise  on  Natural  Philosophy  can  save,  to  a  person  desiring 
full  information  on  the  subject,  the  necessity  of  attendance  on 
experimental  lectures  or  demonstrations.  Things  that  are 
seen,  and  felt,  and  heard,  that  is,  which  operate  on  the  exter- 
nal senses,  leave  on  the  memory  much  stronger,  and  more 
correct  impressions,  than  where  the  conceptions  are  produced 
merely  by  verbal  description,  however  vivid.  And  no  man 
has  ever  been  remarkable  for  his  knowledge  of  Physics,  Che- 
mistry, or  Physiology,  who  has  not  hfA  practical  familiarity 
with  the  objects.  With  reference  to  this  familiarity,  persons 
who  take  a  philanthropic  interest  in  the  affairs  of  the  world, 
must  observe  with  much  pleasure,  the  now  daily  increasing 
facilities  of  acquiring  useful  knowledge,  aflTorded  by  the  scien- 
tific institutions  formed  and  forming,  not  only  through  this 
kingdom,  but  through  most  civilized  nations. 

Those  of  the  readers  of  this  work  who  know  the  manner  of 
a  medical  man's  life,  will  not  be  disappointed  if  they  miss  here 
the  minute  accuracy  and  polish  found  in  the  productions  of 
more  leisurely  writers;  but  amidst  the  interruptions  and 
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anxieKes  inseparable  from  the  author^s  employments^  be 
hopes,  that  any  defects  which  exist  are  not  mixed  with  con- 
siderable errors.  He  would  feel  greatei*  solicitude,  as  to  the 
reception  of  his  work,  if  he  did  not  know  that  the  subj^ts  em- 
braced in  it  are  so  exceedingly  interesting  in  themselves,  tliat 
when  treated  with  ordinary  clearness  and  precision,  they  ne- 
ver fail  to  please. 

1^^  March  1827. 
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SYNOPSIS. 

We  may  admire  that  a  varied  edifice,  or  even  a  magnificent 
city,  can  be  constructed  of  stone  from  one  quarry;  yet  far  sur- 
passing this,  it  is  found  that  the  inconceivably  more  varied 
and  magnificent  fabric  of  the  universe,  with  all  its  orders  of 
phenomena,  is  of  elements  but  a  little  more  complex. 

The  four  words,  atorriy  attraciiojii  repulsion y  inertia^  point 
to  four  general  truths,  which  explain  the  greater  part  of  the 
phenomena  of  nature.  Because  so  general  they  are  called /?Ay*/- 
cal  truths,  from  the  Greek  word  signifying  nature;  an  appel- 
lation, distinguishing  them  from  chemical  truths,  which  regard 
particular  substances,  and  from  vital  truths,  which  have  relation 
only  to  living  bodies.  Even  in  the  cases  where  a  chemical  or 
vital  influence  operates,  it  modifies,  but  does  not  destroy,  the 
physical  influence.  By  fixing  the  attention  then  on  these  ybwr 
fundamental  truths^  the  student  obtains,  as  it  were,  so  many 
keys  to  unlock,  and  lights  to  illuminate  the  secrets  and  treasures 
of  nature. 

IsL  Atom  (a  Greek  word  signifying  that  which  cannot  be 
further  divided)  means  an  exceedingly  minute  resisting  par- 
ticle. The  visible  universe  is  built  up  of  such  particles,  held 
together  in  masses  by  an  influence  called 

2d,  Attbaction,  which  word  implies  that  atoms,  whether 
separate  or  already  joined  into  masses,  tend  towards  all  other 
atoms  or  masses,  with  force  proportioned  to  their  proximity: — 
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as  when  any  body  presses  or  falls  towards  the  gireat  mass  of  the 
earth,  or  when  the  tides  on  the  earth  rise  towards  the  moon. 

dd.  Repulsion  means  that  under  certain  known  circumstan- 
ces, as  of  heat  diffused  among  the  particles,  their  mutual  atti^aC" 
Hon  is  countervailed  or  resisted,  and  they  tend  to  separate  with 
force  proportioned  to  their  proximity: — as  when  heated  water 
bursts  into  steam,  or  when  gunpowder  explodes. 

4th.  Inertia  expresses  the  fact  that  the  atoms,  in  regard  to 
motion,  hare  about  them  what  may  be  figuratively  called  a 
stubbornness^  tending  always  to  keep  them  in  their  existing 
state,  whatever  it  may  be — ^in  other  words,  that  bodies  neither 
acquire  motion,  nor  lose  motion,  nor  bend  their  course  in  mo- 
tion, but  in  exact  proportion  to  some  force  applied.  Many  of 
the  motions  now  going  on  in  the  universe  with  such  regulari- 
ty—as that  turning  of  the  earth  which  produces  the  phenomena 
of  day  and  night — are  motions  which  began  thousands  of  years 
ago,  and  continue  unvarying  merely  in  consequence  of  the  in- 
ertia of  matter. 

A  person  comprehending  fully  the  import  of  these  four  words, 
may  predict  or  anticipate  correctly  very  many  of  the  facts  and 
phenomena,  which  the  extended  experience  of  a  life  can  dis- 
play to  him^  and  to  give  the  reason  or  explanation  of  any  fact 
means  only  to  show  its  accordance  with  a  general  truth  or  prin- 
ciple; that  is  to  say,  its  resemblance  to  many  other  facts.  It 
will  be  found  that  this  volume  is  chiefly  a  display  of  a  vast  mass 
of  the  most  important  phenomena  of  nature  and  art,  classified 
so  as  to  be  explained  by  the  four  physical  truths,  and  mutu- 
ally to  illustrats  each  other.  They  will  be  distributed  under 
the  following  five  heads  or  divisions. 

PART  I. 

THE  POrn  PUNDAMBHTAL  TRtTPttS. 

These  great  truths  minutely  examined,  and  used  to  explain 
generally,  in 

Section  1.  The  nature  or  constitution  of  the  material 
menses  which  compose  the  universe ;  a  depart- 
ment of  science  commonly  called  SohatoIiO* 
©y  (from  Greek  words  signifying  a  difdowst 
on  body.) 
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Section  2.  The  moHona  of  phenomena  going  on  anumg 
them— a  department  commonly  called  DnvA- 
UIC8  (what  relates  to  farce  ot  power. ) 

PART  II. 

90CTRIRSS  07  SOLIDS. 

The  four  truths  explaining  the  peculiarities  of  state  and  mo- 
tion among  solid  bodies: — Si  department  called  mbchanics 
(from  the  Greek  word  signifying  a  machine.) 

PART  III. 

SOCTBINBS  or  FLUIDS. 

The  truths  explaining  the  peculiarities  of  state  and  motion 
among  ^uid  bodies  :«--a  department  called  Hydrodtnamics 
(from  Greek  words  signifying  water  ^nd  force.) 
Section  1.    HrDBOsxATics  {water  at  rest   or  in  equili- 
brium..) 
«  2.    Pkxvmatics  {air  phenomena. ) 

— 3.   Hydraulics  {water  or  fluid  in  motion.) 

■  4.  Acoustics  {phenomena  of  sound  and  hearing. ) 

PART  IV. 

DOCTRIKBS  OF  IMPONDERABLB  SUBSTANCE. 

The  truths  aiding  to  explain  the  more  recondite  phenomena 
of  Imponderable  substance  under  the  heads  of 

Section  1.  Calobio  or  heat. 

2.  Optics,        light. 

3.  JJLECTBiciTr,  from  the  Greek  word  signifying 

amber  $  the  electric  light  haying  been  first  obtain- 
ed from  amber. 

4.  Magnetism. 

PART  V. 

P0ENOMENA  OP  THE  HEAVENS. 

Commonly  called  Astronomy  (from  Greek  words  signifying 
laws  of  the  stars. ) 

Under  each  chapter  will  be  ranged  the  most  interesting  illus- 
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trations  afforded  by  the  animal  economy^  constituting — AmMAi. 
AND  Medical  Physics. 

As  no  man  can  well  understand  a  subject  of  which  he  does 
not  carry  a  distinct  outline  in  his  mind,  it  is  recommended  to 
the  reader  of  this  volume  to  study  the  general  synopsis  and  the 
analyses  placed  at  the  heads  of  the  chapters  and  sections^  un- 
til the  memory  be  strongly  impressed  with  them.  The  synop-^ 
sis  gives  a  general  view  of  the  subject,  like  what  a  traveller  ob- 
tains of  a  new  country  from  a  lofty  central  peak  commanding 
the  whole.  The  anlysis  gives  a  view  of  one  division,  like 
what  the  traveller  has  of  a  portion  of  the  country  from  a  lower 
summit ;  and  the  ^' heads'^  placed  thus  between  inverted  com- 
mas may  be  figured  as  directing  attention  to  single  valleys  or 
fields,  in  the  wide  and  beautiful  domain  of  nature. 


(     47     ) 


PART    I. 

1<HE  I'OtJK  FUNDAMENTAL  TBI7TH8  MIKITTELT  EXAMINED  AND 
USED  TO  EXPLAIN  aENERALLY,  FIRST,  THE  NATURE  Ott 
CONSTITUTION  OP  THE  MATERIAL  MASSES  WHICH  COMPOSE 
THE  UNIVERSE,  ANB  SECONDLY,  THE  MOTIONS  OR  PHBNO^ 
MENA  GOING  ON  AMONG  THEM. 


SEOnON  I^THE  GONffnTUnON  OF  MA£»£S. 


ANALTSIB  or  THE  8XCTI0N. 

2fie  visible  laUverae  is  buUt  up  of  very  mmutc  indestruetible  atoms  cdlUd 
mattery  vjkieht  by  mittual  attraction,  co?iere  or  cling  together  in  masses 
of  various  form  and  magnitude.  The  atoms  are  more  or  less  approximated, 
aeeordmg  to  the  quantity  or  refttuion  of  heat  among  them^  andhenee  arise 
the  three  remarkable  forms  in  tJie  masses,  of  soKd,  liquid,  and  air,  u)hieh 
mutually  change  into  each  other  utith  change  in  the  quantity  of  heat.  Cer- 
tarn  modifications  of  attraction  and  repulsion  produce  the  subordinate  pecu' 
liariHes  of  crystal,  dense,  hard,  elastic,  brittle,  malleable,  ductile,  and  ie- 
naeiaus. 


^^  Minute  Indestructible  j3ioms.^'* 
The  smallest  portion  of  any  substance  which  the  human  eye 
can  perceive,  is  still  a  mass  of  many  ultimate  atoms  or  parti* 
cles^  which  may  be  separated  from  each  other,  or  newly  ar- 
ranged, but  which  cannot  individually  be  hurt  or  destroyed. 


*  The  differ«nt  heads  or  titles,  which  appear  thus  between  inyerted  commas 
thronghoat  the  work,  are  the  succesrive  portionB  of  the  jSnalyses,  detached  for 
separate  comnderatioD.  The  reader  is  particularly  requested  to  reperuse  the  ana- 
lyns  at  the  several  intermptioDSi  that  he  may  have  constantly  before  him  that 
dear  view  of  the  general  relations  among  the  difterent  parts  of  the  subject,  wfaScfa 
Is  essential  to  a  perfect  undentudiog  of  It 
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A  particle  of  powdered  niiLrbley  hardly  visible  to  the  naked 
eye,  still  appears  to  the  microscope  a  block  susceptible  of  inde- 
finite division  ;  and,  when  it  is  broken  by  fit  instruments,  until 
the  microscope  can  hardly  discover  the  separate  particles  of  the 
fine  powder,  these  may  be  yet  farther  divided,  by  dissolving 
them  in  an  acid  :  until  the  whole  become  absolutely  invisible,  as 
part  of  a  transparent  liquid. 

A  small  mass  of  gold  may  be  hammered  into  thin  leaf,  or 
drawn  into  fine  wire,  or  cut  into  almost  invisible  parts,  or  li- 
quefied in  a  crucible,  or  dissolved  in  acid,  or  dissipated  by  in- 
tense heat  into  vapour  ;  yet,  after  any  and  all  of  these  changes, 
the  atoms  can  be  collected  again  to  form  the  original  gold,  with- 
out the  slightest  diminution  or  chanfp.  And  all  the  substafices 
or  elements  of  which  our  globe  is  composed,  may  thus  be  cut, 
torn,  bruised,  ground,  &c.  a  thousand  times,  but  are  always  re- 
coverable as  perfect  as  at  first 

And,  with  respect  to  delicate  combinations  of  these  elements, 
such  as  exist  in  animal  and  vegetable  substances,  although  it  be 
beyond  human  art,  originally  to  produce,  or  even  closely  to  imi- 
tate many  of  them,  still,  in  their  decomposition  and  apparent 
destruction,  the  accomplished  chemist  of  the  present  day  does 
not  lose  a  single  atom.  The  coal  which  burns  in  his  apparatus, 
until  only  a  little  ash  remains  behind,  or  the  wax-taper  which 
seems  to  vanish  altogether  in  flame,  or  the  portion  of  animal 
flesh,  which  putrefies,  and  gradually  dries  up  and  disappears-^ 
present  to  us  phenomena  which  are  now  proved  to  be  only 
changes  of  connexion  and  ai  rangement  am(>ug  the  indestructible 
ultimate  atoms;  and  the  chemist  can  ofier  all  the  elements  again, 
mixed  or  separate,  as  desired,  for  any  of  the  useful  purposes  to 
which  they  are  severally  applicable.  When  the  funeral  piles 
of  the  ancients,  with  their  charge  of  human  remains,  appeared 
to  be  wholly  consumed,  and  left  the  idea  with  survivors  that  no 
base  use  could  be  made,  in  after  time,  of  what  liad  been  the  ma- 
terial dwelling  of  a  ooUe  or  beloye4  spnt,  the  flames  had  onljr^ 
as  it  were,  scattered  the  enduring  blocks  of  which  a  former  edi- 
fice had  been  constructed,  but  which  were  i^oon  to  serve  again 
in  new  combinations. 


The  following  are  interesting  particulars  in  the  arts  or  in  nature, 
helping  the  mind  to  conceive  how  minute  the  ultimate  atoms 
of  matter  must  be. 

Goldbeaters,  by  hammering,  reduce  gold  to  leaves  so  thin, 
that  282,000  must  be  laid  upon  each  other  to  produce  the  thick* 
ness  of  an  inch.  They  are  so  thin,  that  if  formed  into  a  book, 
1,500  would  occupy  only  the  space  of  a  single  leaf  of  common 
paper  ;  and  an  octavo  volume  of  an  inch  thick  would  have  about 
as  many  pages  as  the  books  of  a  well-stocked  ordinary  library 
containing  1,500  volumes  of  400  pages  in  each  ;  yet  those 
leaves  are  perfect,  or  without  holes,  so  that  one  of  them  laid 
upon  any  surface,  as  in  gilding,  gives  the  appearance  of  solid 
gold. 

Still  thinner  tlian  this  is  the  coating  of  gold,  upon  the  silver 
wire  of  what  is  called  gold  lace,  and  we  are  not  sure  that  such 
coatiog  is  of  only  one  atom  thick. 

Platinum  and  silver  can  be  drawn  into  wire  much  finer  than 
human  hair. 

A  grain  of  blue  vitriol,  or  carmine,  will  tinge  a  gallon  of  wa- 
ter, so  that  in  every  drop  the  colour  may  be  perceived. 

A  grain  of  musk  will  scent  a  room  for  twenty  years,  aiid  will 
have  lost  but  little  of  its  weight. 

The  carrion  crow  smells  its  food  at  a  distance  of  many 
miles. 

The  tliread  of  the  silk-worm  is  so  small,  that  many  folds  are 
twisted  together  to  form  our  finest  sewing  thread ;  but  that  of 
the  spider  is  smaller  still,  for  two  drachms  of  it  by  weight, 
would  reach  from  London  to  Edinburgh,  or  400  miles. 

In  the  milt  of  a  cod-fish,  or  in  water  in  which  certain  vege- 
tables have  been  infused,. the  microscope  discovers  animalcules, 
of  which  many  thousands  together  do  not  equal  in  bulk  a  grain 
of  sand :  yet,  tfiese  have  their  blood  and  other  subordinate  parts 
like  larger  animals;  and  indeed  nature,  with  a  singular  prodi- 
gality, has  supplied  many  of  them  with  organs  as  complex  as 
tho0e  of  the  whale  or  elephant  Vow  the  body  of  an  animaUule 
consists  of  Uia  same  substances,  9r  ultimate  atonui  as  the  body 
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of  man  himself.  In  a  single  pound  of  matter,  it  thus  appears, 
there  may  be  more  living  creatures  than  of  human  beings  on  the 
face  of  this  globe.  What  a  scene  has  the  microscope  laid  open 
to  the  admiration  of  the  philosophic  inquirer  ! 

Water,  mercury,  sulphur,  or,  in  general,  any  substance,  when 
sufficiently  heated,  rises  as  invisible  vapour  or  gas ;  in  other 
words,  is  made  to  assume  the  aeriform  state.  Great  heat, 
therefore,  would  cause  the  whole  of  the  material  universe  to 
disappear,  the  most  solid  bodies  becoming  as  invisible  and  impal- 
pable as  the  air  we  breathe.  Utter  annihilation  would  seem  but 
one  stage  beyond  this. 

"  Matter.'' 

The  inconceivable  minuteness  of  ultimate  atoms,  as  shown 
above,  has  led  some  inquirers  to  doubt  whether  there  really  be 
matter;  that  is  to  say,  whether  what  we  call  substance  or  mat- 
ter, have  existence  or  not.  In  answer  to  this,  it  has  been  usual 
to  adduce,  besides  the  proofs  of  indestructibility  already  men- 
tioned, and  which  seem  conclusive,  the  fact,  that  every  kind  or 
portion  of  matter  obstinately  occupies  some  space,  to  the  ex- 
clusion of  all  otiier  matter  from  that  particular  space.  This  oc- 
cupancy of  space,  is  the  simplest  and  most  complete  idea  which 
we  have  of  material  existence.  The  awkward  word  impene- 
trability has  been  used  to  express  it,  with  reference  of  course 
to  the  individual  atoms.     The  following  are  elucidations. 

We  cannot  push  one  billiard-ball  into  the  substance  of  ano- 
ther, and  then  a  second,  and  tlien  a  third,  and  so  on  ;  or  the  ma- 
terial of  the  universe  might  be  absorbed  in  a  point 

A  mass  of  iron  on  a  support  will  resist  the  weight  of  thou- 
sands of  pounds  laid  upon  it,  and  pressing  to  descendinto  its 
place;  and  although  a  very  great  weight  might  crush  or  break 
it  into  pieces,  still  one  particle  would  not  be  annihilated.  In  a 
forcing-pump,  or  in  Bramah's  water-press,  millions  of  pounds 
cAnnot  push  the  piston  down,  unless  the  water  below  it  be  al- 
lowed to  escape. 

A  weight  laid  upon  bladders  full  of  air,  or  on  the  piston-handle 
of  a  closed  air-pump,  is  supported  in  the  same  manner. 
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A  glass  tube,  left  open  at  bottom,  while  the  thumb  closes  the 
top,  if  pressed  from  air  into  water,  is  not  filled  with  water,  be- 
cause the  air  contained  in  it  resists;  but  if  the  air  be  allowed  to 
escape  by  removing  the  thumb  from  the  top,  the  tube  is  filled 
immediately  to  the  level  of  the  .water  around  it  In  a  goblet 
or  basin  pushed  into  water,  with  the  mouth  downwards,  the  en- 
trance of  water  is  resisted  for  the  like  reason;  and  if  the  goblet 
be  inverted  over  a  floating  lighted  taper,  this  will  continue  to 
float  under  it,  and  to  bum  in  the  contained  air,  however  deep 
in  the  water  it  be  carried— exhibiting  the  curious  phenomenon 
of  a  light  below  water,  and  itself  an  emblem  of  the  living  inmate 
of  a  diving  bell,  which  is  merely  a  larger  goblet  with  a  man 
instead  of  a  candle. 

"  Mutual  Attractions^  (.see  the  analysis^  page  47.) 

Any  visible  mass  of  matter,  then,  as  of  metal,  salt,  sulphur, 
^c,  we  know  to  be  really  a  collection  of  dust,  or  minute  atoms, 
by  some  cause  made  to  cohere  or  ding  together;  yet  there  are 
no  hooks  connecting  them,  nor  nails,  nor  glue;  and  the  connex- 
ion may  be  broken  a  thousand  times,  by  processes  of  nature  or 
art,  yet  is  always  ready  to  take  place  again;  the  cause  being 
no  more  destroyed  in  any  case  by  interruption,  than  the 
weight  of  a  thing  is  destroyed  by  frequent  lifting  from  the 
ground.  Now  the  cause  we  know  not,  but  we  call  it  attract 
tion.  The  Phenomena  of  attraction  or  repulsion,  particularly 
when  occurring  between  bodies  at  considerable  distances  from 
each  other,  are  among  the  most  extraordinary  subjects  which 
the  human  mind  has  to  contemplate;  but  the  manner  or  laws 
of  the  phenomena  are  now  well  understood.  The  general 
nature  and  extensive  influence  of  attraction  may  be  judged  of 
from  the  following  facts. 

Logs  of  wood  floating  in  a  pond  approach  each  other,  and 
afterwards  remain  in  contact. 

The  wreck  of  a  ship,  in  a  smooth  sea  after  a  storm,  is  often 
seen  gathered  into  heaps. 

Two  bullets  or  plummets  suspended  by  strings  near  to  each 
other,  are  found  by  the  delicate  test  of  the  torsion  balance  (which 
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will  be  deseribed  afterwards)  to  attract  each  other,  and  therefore 
not  to  hang  quite  perpendicularly. 

A  plummet  suq>ended  near  the  side  of  a  mountain,  inclines 
towards  it^  in  a  degree  proportioned  to  its  magnitude;  as  was 
ascertained  by  the  well-known  trials  of  Dr.  Maskeleyne  near  the 
mountain  Skehalion,  in  Scotland. 

And  the  reason  why  the  plummet  in  such  a  case  tends  much 
more  strongly  towards  the  earth  than  towards  the  hili,  is  only 
that  the  earth  is  larger  than  the  hill. 

At  New  South  Wales,  which  is  situated  on  our  globe  nearly 
opposite  to  England,  plummets  hang  and  fall  towards  the  cen- 
tre of  the  globe,  as  they  do  here  ;  so  that  they  are  hanging  up 
and  falling  towards  England,  and  the  people  there  are  standing 
with  their  feet  towards  us, — hence  called  our  antipodes.  Weight, 
therefore,  is  merely  general  attraction  acting  every  whercr 

But  it  is  owing  to  this  general  attraction  that  our  earth  itself 
is  a  globe.  All  its  parts  being  drawn  towards  each  other,  that 
ia  towards  a  common  centre,  the  mass  assumes  the  spherical  or 
rounded  form. 

And  the  moon  also  is  round,  and  all  the  planets ;  the  glorious- 
sun  too,  so  much  larger  than  these,  is  round  ;  proving  that  ail 
must  at  one  time  has  been  fluid  and  that  all  are  subject  to  the 
same  law. 

We  have  also  interesting  instances  of  roundness  from  the 
same  cause  in  minute  masses,  as^the  particles  of  a  mist  or 
fi>g  floating  in  air — these,  mutually  attracting  and  coalescing, 
into  hrger  drops,  and  then  forming  rain-^ew  drops-^water 
trickling  on  a  duck's  wing — ^the  tear  dropping  from  the  cheek*-^ 
drops  of  laudanum-^globules  of  mercucy,  like  pure  silver 
beads,,  coalescing  when  near,  and  forming  larger  ones-smelted 
lead  allowed  to  rain  down  from  an  elevated  sieve,  which  by 
cooling  as  it  descends  retains  the  form  of  its  liquid  drops,  and 
becomes  the  spherical  shot-lead  of  the  sportsman. 

The  cause  of  the  extraordinary  phenomenon  which  we  call 
attraction,  acts  at  all  distances.— The  moon,  though  940,000 
miles  ftom  the  earth,  by  her  attraction,  raises  the  water  of  the 
ocean  under  her,  and  forma  tvhat  we  call  the  tide.-^The  auti,. 
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still  farther  off,  has  a  similar  influence ;  and  when  the  sun  and 
moon  act  in  the  sante  direction,  we  have  the  spring-tides* -*^The 
planets,  so  distant  that  they  appear  to  as  little  wandering  points 
in  the  heaven,  yet,  by  their  attraction,  affect  the  motion  of  our 
earth  in  her  orbit,  quickening  it  when  she  is  approaching  them, 
retarding  it  when  she  is  receding. 

The  attraction  is  greater  the  nearer  the  bodies  are  to  each 
other  ;  as  the  light  of  a  taper  is  more  intense  near  to  it  than 
at  a  distance* 

A  board  of  a  foot  square,  at  a  certain  distance  from  a  light, 
just  shadows  a  board  of  two  feet  square  at  double  distance  ; 
but  a  board  with  a  side  of  two  feet  has  four  times  as  much  sur- 
face as  a  board  with  a  side  of  one  foot,  and  therefore  light,  at 
double  distance,  being  spread  over  four  times  the  surface,  has 
only  one-fourth  of  the  intensity.  This  is  explained  by  the 
figure^  where  C  represents  the  place  of  a  light,  AB  a  square 


board  at  a  certain  distance  from  it,  and  ED  a  shadowed  board,, 
in  which  the  side  is  just  twice  as  long,  at  double  distance-^and 
of  which  one-fourth,  as  the  corner,  FD,  is  equal  to  the  whole  of 
the  smaller  square,  AB :— thus  also  a  globe  of  two  feet  diame- 
ter, requires  just  four  times  as  much  paper  to  cover  it  as  a  globe 
of  one  foot  Li^t,  and  attraction,  and  indeed  every  influence 
from  a  central  point,  is  found  to  decrease  in  the  same  proper^ 
tion,  viz.  as  the  surface  or  squares  which  shadow  each  other 
increases.  The  technical  expression  is  ^Unversefy  as  the 
square  of  the  distance.^  It  is  only  one-fourth  as  strong  at 
double  distance;  four  times  as  strong  at  half  distance;  and  in  like 
manner  for  all  distances. 

What  weighs  1,000  lbs.  at  the  sea-sb<M^  weighs  five  lbs.  less 
at  the  top  of  a  mountain  of  certain  heif*t,  or  raised  in  a  balloon 
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is  proved  experimentally  by  a  spring  balance; — and  at  the 
distance  of  the  moon,  the  weight,  or  force  towards  the  earth,  of 
1,000  lbs.  is  diminished  to  five  ounces,  as  is  proved  by  astro- 
nomical tests. 

*  Attraction  has  received  diflerent  names,  as  it  is  found  acting 
under  different  circumstances.  The  chief  distinctions  are  Gra- 
vitation, Cohesion,  Capillary  and  Chemical  attractions. 

Gravitation  is  the  name  given  to  it,  when  acting  at  sensible 
distances,  as  in  the  cases  of  the  moon  lifting  the  tides — the 
sun  and  earth  attracting  each  other — a  stonb  falling,  &c. 
Most  of  the  facts  enumerated  at  page  51  belong  to  this  head. 

Cohesion  is  the  name  given,  when  it  is  acting  at  very  short  dis- 
tances, as  in  keeping  the  atoms  of  a  mass  together. 

It  might  appear  at  first  sight  that  it  cannot  be  the  same  cause 
which  draws  a  piece  of  iron  to  the  earth  with  the  mo- 
derate force  called  its  weight,  and  which  maintains  the 
constituent  atoms  of  the  iron  in  such  strong  cohesion;  but 
when  we  recollect  that  attraction  is  stronger  as  the  substances 
are  nearer  to  each  other,  the  difficulty  vanishes.  Atoms  in  ab- 
solute contact  would  be  a  million  times,  nay,  infinitely  nearer 
to  each  other,  than  when  only  a  quarter  of  an  inch  apart,  and 
therefore  when  the  heat  among  the  atoms  of  any  cohering  mass 
allows  them  to  approach  near,  they  must  attract  mutually  with 
great  force. 

Were  it  not  then  because  the  surfaces  of  bodies  are  in  gene- 
ral so  very  rough  and  irregular,  that  if  applied  to  each  other, 
they  can  only  touch,  perhaps,  in  four  or  Ave  points  out  of  a 
million  which  the  surface  contains,  bodies  would  be  invariably 
sticking  together  or  cohering  by  any  accidental  contact.  The 
effect  of  artificially  smoothing  the  touching  surfaces  is  seen  in 
the  following  examples  :  we  may  remark,  however,  that  besides 
irregularity  of  surface,  there  is  another  reason,  explained  a  lit* 
tie  further  on,  which  prevents  the  cohesion. 

Similar  portions  being  cut  off  with  a  clean  knife  from  two 
leaden  bullets,  and  the  fresh  surfaces  being  brought  into  contact 
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-with  a  slight  turning  pressure,  the  bullets  cohere,  almost  as  if 
they  had  been  originally  cast  together. 

Fresh*M]t  surfaces  of  India  rubber  or  caoutchouc  cohere  in  a 
similar  way.  We  are  hence  enabled  easily  to  make  elastic  air-|/ 
tight  tubes,  by  cutting  off  the  edges  of  a  strip  of  India  rubber 
and  bringing  the  cut  surfaces  into  contact  by  winding  the  strip 
round  any  small  rod  or  cylinder,  and  fixing  it  there  for  a  time 
with  tape  or  cord. 

Two  pieces  of  perfectly  smooth  plate  glass  or  marble,  laid 
upon  each  other,  adhere  with  great  force:  and  indeed  so  do  most 
well-polished  flat  surfaces. 

Cohesion  between  a  solid  and  liquid,  and  between  the  particles 
of  a  liquid  among  themselves,  is  seen  in  the  following  instan- 
ces. 

A  flat  piece  of  glass,  balanced  at  the  end  of  a  weighing  beam, 
and  then  allowed  to  come  into  contact  with  water,  adheres  to  the 
water,  and  with  much  more  force  than  the  weight  of  water  re- 
maining upon  it,  when  again  forcibly  raised.  If  there  were  not 
cohesion  or  attraction  of  the  water  particles  among  themselves, 
as  well  as  to  the  glass,  the  latter  could  only  be  held  down  by 
the  weight  of  the  water  which  directly  adhered  to  it 

In  pouring  water  from  a  mug  or  bottle  lip,  the  water  does  not 
at  once  fall  perpendicularly,  but  runs  down  along  the  inclined 
outside  of  the  vessel,  chiefly  in  consequence  of  the  attraction 
between  this  find  the  water;  hence  the  diflSculty  of  pouring  from 
a  vessel  which  has  not  a  projecting  lip. 

The  particles  of  water  cohere  among  themselves  in  a  degree 
which  causes  small  needles  gently  laid  on  the  surface  to  float:-^ 
the  weight  of  these  is  not  sufficient  to  overcome  the  cohesion  of 
the  water  surface.  ' 

For  the  same  reason  many  light  insects  can  walk  upon  the 
surface  of  water  without  being  wetted. 

It  is  chiefly  the  different  force  of  the  attraction  of  cohesion  in 
-different  liquids  that  causes  their  drops  or  gutts  from  the  lip  of 
a  phial  to  be  of  different  magnitude.     Sixty  drops  of  water  fill 
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Idle  seme  measure  as  100  diops  of  laudanum  frotn  a  lip  of  the 
same  size. 

In  a  larger  mass  of  liquid,  the  attraction  which  would  draw 
the  particles  into  the  form  of  a  distinct  globe,  yields  to  that 
which  draws  them  towards  the  centre  of  the  earth,  and  there- 
fore the  liquid  assumes  what  is  called  a  level  surface,  that  is  to 
say,  a  surfkce  corresponding  with  the  general  surface  of  the 
globe  of  the  earth. 
•Attraction  is  called  capillary  when  it  acts  between  a  liquid 

and  a  solid,  which  is  tubular  or  porous. 

When  an  open  glass  tube  is  partially  immersed  in  water,  the 
water  within  it  stands  above  the  level  of  that  on  the  outside; 
and  the  difference  of  level  is  greater  as  tho  tube  is  less,  because, 
in  small  tubes,  the  glass  all  round  being  nearer  to  the  raised 
water,  attracts  it  more  powerfully. 

Between  two  plates  of  glass  standing  near  to  each  other,  the 
same  rising  of  water  will  occur;  and  if  they  are  closer  at  onp 
perpendicular  edge  than  at  the  other,  the  surface  of  the  suspend- 
ed water  will  be  higher  tliere. 

A  piece  of  sponge  or  a  lump  of  sugar  touching  water,  by  its 
lowest  corner,  soon  becomes  moistened  throughout. 

The  wick  of  a  lamp  lifts  the  oil  to  supply  the  flame,  from  two 
to  three  inches  below  it. 

A  mass  of  cotton  thread  hanging  over  the  edge  of  a  glass  of 
water  will  empty  it,  as  a  syphon  would.  A  towel  will  empty 
a  basin  of  water  in  the  same  way. 

Dry  wedges  of  wood  driven  into  a  circular  groove  formed 
round  a  pillar  of  stone,  on  being  moistened,  will  swell  so  as  to 
rive  off  the  portion  from  tlie  block.  Millstones  are  thus  cut 
from  the  rock,  in  some  quarries  of  Germany. 

An  immense  weight  or  mass  may  be  raised  a  little  way,  by 
first  tightening  a  dry  rope  between  it  and  a  support,  and  theti 
wetting  the  rope: — the  moisture  imbibed  into  the  substance  of 
the  rope  by  capillary  attraction  causes  it  io  become  shorter. 
.  At  one  time  the  small  vessels  of  vegetables  were  supposed  to 
raise  the  sap  from  the  roots,  by  capillary  attraction,  but  this  is 
known  now  to  be  chiefly  an  action  of  vegetable  life. 
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^itraeiion  has  receiired  the  nxokQ  oi  chemiad  attrcu:tum,4x 
ajfftmtjfy  when  it  imites  the  atoms  of  two  or  more  distinet 
'    «ub0la«cM  ialo  «oe  perfect  eompound* 

There  are  about  fifty  substances  in  nature  which  appear,  in 
the  present  state  of  science,  distinct  from  each  other,  and  are 
therefore  called  kinds  of  matter:  such  as  the  forty  metals,  sul- 
phur, phosphorus,  &c. ;  hut  whether  these  are,  in  truth,  originally 
and  essentially  different,  or  are  all  only  the  one,  simple  prim- 
ordial matter,  modified  by  circumstances,  as  yet  unknown  to 
us,  we  cannot  at  present  positively  determine. — Diamond  and 
pure  black  carbon  are  the  same  substance,  only  the  atoms  are 
differently  arranged;  and  steel,  which  in  the  soft  state  the  graver 
cuts  as  it  would  copper  or  silver,  is  exactly  the  same  substance 
as  when,  after  being  tempered  by  heating  and  sudden  cooling, 
it  has  become  as  hard  nearly  as  diamond  itself.  Yet  these 
differences  are  greater  than  appear  between  some  substances, 
which  we  now  account  essentially  distinct. 

It  is  found,  however,  that  the  atoms  of  what  we  call  different 
substances  will  not  cohere  and  unite  indifferently,  as  atoms  of 
the  same  kind  do, — there  being  singular  preferences  and  dislikes 
among  them,  if  it  may  be  so  expressed;  and  when  atoms  of  two 
kinds  do  combine,  the  resulting  compound  generally  loses  all 
resemblance  to  either  of  the  elements. — Thus: 

Sul{diuric  acid  will  unite  with  copper  and  jTorm  a  beautiful 
translncent  blue  sah;  with  iron  it  will  form  a  green  salt;  and 
if  a  piece  of  iron  be  thrown  into  a  solution  of  the  copper  salt, 
the  acid  will  immediately  let  fall  the  c<^per,  and  take  up  or 
dissolve  the  iron.  Sulphuric  acid  will  not  unite  with  or  dissolve 
goIdatalL — Quicksilver  and  sulphur  unite  in  certain  propor- 
tions and  form  the  paint  called  vermilion:  in  other  proportioos 
they  form  the  Uack  masis  called  Ethiops  mineral.— Lead,  and 
iizygen  gas  from  tilie  atmosphere,  form  together  what  is  called 
red  lead,  used  by  painters. — Sea-sand,  or  flint,  and  the  saJt  called  , 
soda,  when  he^ed  together^  unite  and  form  that  most  useful 
substance  called  ^aas.  Certain  prcqKirtions  of  sulphur  and  of 
iron  combine  and  produce  those  beautiful  cubes  of  pyrites,  or 
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gold-like  melaly  which  are  seen  in  slate.  Chemical  attraction 
operating  thus,  does  not  in  the  slightest  degree  interfere  with 
general  attraction  or  gravity,  for  every  chemical  compound 
weighs  just  as  much  as  its  elements  taken  separately. 

The  history  and  classification  of  all  these  facts,  connected 
with  the  combinations  and  analysis  of  different  substances,  con- 
stitute the  science  of  chemistry — so  amusing  and  so  useful.  It 
explains  how  the  fifty*  kinds  of  matter  which  we  have  mention* 
ed,  by  combining  variously,  form  the  endless  diversity  of  bodies 
which  constitute  the  mass  of  our  globe.  The  causes  of  these 
various  modifications  of  attraction  are  yet  much  hidden  from 
us. 

It  is  a  remarkable  truth,  that  when  different  substances  com- 
bine in  the  way  now  described,  the  proportions  of  the  ingre- 
dients  are  always  uniform,  and  such  as  seem  to  prove  that  for 
every  atom  present,  of  one  substance,  there  is  exactly  one,  or 
two,  or  three,  &c.  of  the  other.  ^  Therefore,  if  there  be  ten  atoms 
of  one  substance,  there  are  exactly  ten,  or  twenty,  &c.  of  the 
other  ;  but  never  an  intermediate  number,  as  13  or  23  to  10, 
for  then  a  particle  of  the  compound  would  consist  of  one  atom 
of  the  first,  and  of  one  and  three-tenths,  or  two  and  three-tenths, 
&c.  of  the  second  substance,  which  is  absurd,  as  the  atom  is  in- 
divisible. For  instance,  a  certain  number  of  atoms  of  quicksil- 
ver, which  weigh  twenty-five  grains,  combine  with  a  certain 
number  of  atoms  of  sulphur,  weighing  two  grains,  and  form  a 
black  compound  called  Ethiops  mineral,  or  black  sulphuret  of 
mercury ;  and  if  a  little  more  of  either  ingredient  be  added,  it 
lies  as  a  foreign  mixture  in  the  sulphuret  of  mercury  ;  but  if  just 
as  much  more  sulphur  be  added  as  at  first,  so  that  there  may  be 
two  atoms  of  it  to  every  particle  of  the  compound,  where  there 
was  only  one  before,  a  perfect  combination  of  the  whole  will 
take  place,  and  a  new  substance  will  appear  which  we  call  ver- 
milion.— ^Many  elementary  substances  will  only  unite  in  one 
proportion,  so  that  any  two  such  form  only  one  compound  :  but 
others  unite  in  several  proportions,  and  two  or  more  distinct 
compounds  arise  out  of  titie  same  two  elements. 

It  thus  appears,  that  although  we  do  not  know  the  exact  num- 
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ber  of  atoms  in  a  given  quantity  of  any  substance  ;  whether^  for 
instance,  a  grain  of  sulphuret  of  mercury  has  more  or  less  than 
a  million  of  them  ;  still  as  we  know  that  in  that  grain  there  are 
just  as  many  atoms  of  sulphur  as  of  mercury ,  and  that  the  weight 
of  the  whole  sulphur  to  that  of  the  whole  mercury  is  as  two  to 
twenty-five^  we  kif^w  that  the  single  atoms  must  have  the  same 
relation. 

Tables  have  been  formed  showing  the  relative  weights  of  the 
atoms  of  diflferent  substance ;  and  the  number  standing  oppo- 
site to  each  substance  is  called  its  equivalent  number — that  is  to 
say,  the  weight  of  its  atom  in  relation  to  the  weight  of  some  atom 
chosen  as  a  standard.  The  equivalent  of  a  compound  substance 
depends  of  course  on  the  equivalents  of  the  ingredients,  and  on 
the  proportions  of  the  ingredients,  as  the  compound  particle  con- 
tains always  a  fixed  number  of  constituent  atoms. 

Besides  the  simple  cases  of  attraction  now  explained,  there  are 
two  curious  modifications,  called  electrical  and  magnetical 
attractions^  which,  from  their  peculiarities,  are  reserved  for 
consideration  in  a  future  division  of  this  work. 

**  Atoms  are  more  or  less  close,  according  to  the  quantity  of 
heat  among  them;  hence  the  forms  of  solidy  fluid,  air, 
fyc.'^  {Read  the  analysis,  page  47.) 

Were  there  only  atoms  and  attraction,  as  hitherto  explained, 
the  whole  material  of  creation  would  rush  into  close  contact, 
forming  one  huge  solid  mass  of  stillness  and  death.  But  there 
is  also  heat  or  caloric,  which  counteracts  attraction,  and  singu- 
larly modifies  the  results.  It  has  been  described  by  some,  as  a 
most  subtile  fluid,  pervading  all  things,  as  water  pervades  a 
sponge;  others  have  accounted  it  merely  a  vibration  among  the 
atoms.  The  truth  is,  that  we  know  little  more  of  heat  as  a 
cause  of 'repulsion,  than  of  gravity  as  a  cause  of  attraction:  but 
we  can  study  and  classify  the  phenomena  of  both  most  accurately. 

When  a  continued  addition  of  heat  is  made  to  any  body,  it  gra- 
dually increases  the  mutual  distance  of  the  constituent  atoms,  or 
dQates  the  body.  Asolidthusisfirstsoftened;  then  melted  or  fused, 
that  is  to  say  reduced  to  the  state  of  liquid,  as  the  cohesive  af- 
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traetion  is  OTereome;  tod  lastly,  the  atoms  are  repdled  to  still 
greater  distances,  so  that  the  sabstanee  is  coorerted  iato  elastic 
fluid  or  air.  Abstraction  of  heat  from  suck  air  eaitses  return  of 
states  in  the  reverse  order. 

lee  when  heated  tlios  becomes  water,  and  the  water,  when 
heated  farther  becomes  steam  :  the  steam  when  cooled  again  be* 
comes  water  as  before,  and  the  water  when  cooled  becomes  ice. 
lee,  water,  and  steam,  therefore,  aife  three  forms  or  states  of  the 
same  substance — one  of  the  most  comnwm  in  nature,  being  th& 
material  of  the  ocean. 

Other  substances  are  similarly  afiected  by  heal,  but  as  all  have 
different  relations  to  it,  some  requiring  much  for  liquefiu^tion,, 
and  some  very  little,  we  have  that  beautiful  variety  of  solids, 
liquids,  and  airs,  which  make  up  our  external  nature. 

Dilatation. — A  rod  of  iron,  which,,  when  c<^  will  pass 
through  a  certain  openings  and  will  lie  lengthwise  between  two 
fixed  points,  when  heated,,  becomes  too  thick  and  too  long  to  do 
either. 

For  accurate  mensuration,  therefore,  rods  or  chains  used  as< 
the  measure,  must  either  be  at  a  given  temperature,  or  due  al- 
lowance must  be  made  for  the  difference. 

The  wall  of  a  building  had  begun  to  bulge  out  so  as  to  threat- 
en its  stability.  No  force  tried  was  sufficient  to  return  it  to  per* 
pendicularity,  until  the  idea  occurred  of  using  the  contracting, 
force  of  iron  while  cooling.  The  wall  was  connected  with  the 
opposite  wall  by  a  number  of  iron  bars,  passing  through  both 
and  having  nuts  screwed  upon  their  pmyecting  ends,  which  bars* 
were  then  heated,  one  half  at  a  time,  by  lamps  placed  under 
them,  and  while  lengthened  in  consequence,  and  projecting  be- 
yond the  wall,  the  nuts  were  screwed  close  up  to  the  wall,  so 
that  on  again  cooling  and  contracting,  they  pulled  the  wall  back 
to  its  place. 

The  iron  rim  of  a  coach- wheel,,  when  heated,  goes  on  loosely 
and  easily,  and  when  afterwards  cooled  it  binds  the  wheel  most 
tightly,  giving  remarkable  firmness  and  strength, 

Iron  hoops  on  masts  and  on  casks  are  made  to  bind  ia  a  simi- 
lar manner. 


The  eommoa  thfimoiaeier  for  measoringr  degiees  of  heaC^  is. 
a  glass  bulb  filled  with  mareury  or  other  fluid,  aod  having  a  nar- 
row tQb&  rising  from  it,  into  which  the  fluid  ascends  on  being 
expanded  by  beat,  and  so  mark*  the  degree. 

A  flaeeid  bladder  of  eoU  air  on  being  heated  beeoiii|»  tense, 
and  in  eertain  cases  will  burst 

lAquidfmdMr, — A  piece  of  goM,  lead,  pitch,  ice,  sulphur, 
or  of  olher  thing,  if  sufteiently  heated,  melts  or  becomes  liquid;' 
each  substance,  however,  requiring  a  different  degree  of  heat-*-* 
gold  requires  5,000  degrees,  lead  €00,  ice  %,  «id  so  forth;  and 
if  the  heating  be  afterwards  contiooed,  most  things  at  oertaia 
higher  temperatures  suddenly  expand-  again  to  many  times  the 
liquid  Tokinie,  and  become  «riform  fluids. 

The  conversion  of  water  into  steam  is  familiarly  known  to 
all.  One  pint  of  water  driven  off  as  steam  from  the  boiler  of  a 
low-pressure  steam  engine,  fills  a  space  of  nearly  2,000  pint5, 
and  raises  the  piston  through  this,  with  a  force  of  many  thou- 
sands of  pounds:  it  immediately  afterwards  appears  again  in  the 
cold  condenser,  as  a  pint  of  water. 

Six  times  as  much  heat  is  required  to  convert  a  pint  of  water 
into  steam,  as  to  raise  it  from  an  ordinary  to  a  boiling  tempera* 
.ture;  but  the  steam,  by  occupying  nearly  2,000  times  the  space 
of  the  water,  proves  that  heat  merely  produces  a  repulsion 
among  the  particles  and  by  no  means  fills  up  the  insterstices. 
The  steam  rising  from  boiling  water,  does  not  appear  hotter  to 
the  thermometer  than  the  water  itself;  and  hence  it  was  that  Dr. 
Black,  whose  genius  shed  so  much  light  on  this  part  of  know* 
ledge,  gave  to  the  excess  of  heat  the  name  of  latent  heat. 

The  latent  heat  of  common  air  is  made  sensible  in  the  match 
syringe.  In  this,  the  piston  is"  driven  down  quickly  and^ 
strongly,  so  as  to  compress  very  much  the  *air  which  is  under- 
neath it,  and  the  heat  then  squeezed  out  of  the  air,  or  condensed' 
with  it,  is  sufficient  to  light  a  match  attached  to  the  bottom  of 
the  piston*  • 

Not  only  are  spirits,  sthers,  oils,  &c  convertible,  as  water 
is,  into  aeriform  fluid,  but  also  sulphur,  phosphorus,  mercury, 
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and  indeed  all  the  metals  and  elementary  substances; — some  of 
them  however,  requiring  heats  of  great  intensity. 

The  varieties  of  form,  then,  in  the  bodies  on  the  face  of  this 
earthy  are  accidental,  or  dependent  on  the  temperature  of  the 
earth,  and  do  not  mark  the  permanent  nature  of  the  sub- 
stances. 

In  the  planet  Mercury,  which  is  near  the  sun,  resin,  tallow, 
wax,  and  many  vegetable  substances  deemed  by  us  naturally 
solid,  would  all  be  liquid,  as  oil  is  with  us;  and  a  certain  mixture 
of  tin,  zinc,  and  lead,  which  with  us  is  solid  at  common  tem- 
peratures, but  melts  in  boiling  water,  would  there  be  always 
liquid  like  our  quicksilver.  Our  water,  oils,  and  spirits,  would 
there  be  in  a  state  of  steam  or  air,  and  could  not  be  known  as 
liquids  at  all,  except  by  cooling  processes  and  compression,  such 
as  we  have  lately  learned  to  use  for  reducing  our  different  airs 
to  the  form  of  liquids. 

Again,  in  the  cold  planet  Herschell,  which  is  nineteen  times 
farther  from  the  sun  than  is  our  earth,  water,  if  it  exist,  can  be 
known  only  as  a  rock  crystal,  which  fire  would  have  to  melt  as 
it  does  glass  with  us:  our  oils  would  be  as  butters  or  resins,  and 
quicksilver  might  be  hammered,  as  lead  or  silver  is  with  us. 

On  our  own  earth,  near  the  equator,  common  sealing-wax 
will  not  retain  impressions;  butter  is  oil  in  the  day,  and  a  soft 
solid  at  night,  and  tallow  candles  cannot  be  used.  And  near 
our  pole,  in  winter,  the  quicksilver  from  a  broken  thermometer 
is  solid  metal;  water  must  be  melted  by  fire  for  use:  oils  are 
solid,  &c. 

To  judge  then  of  the  constitution  of  nature  aright,  we  must 
always  take  extended  surveys,  and  not  allow  prejudice  to  mis- 
lead us,  as  in  the  case  of  the  Eastern  potentate,  who  put  a 
traveller  to  death  for  saying  that  he  had  visited  remote  northern 
countries,  where  water  was  sometimes  to  be  seen  solid  like 
crystal,  and  sometiknes  white  and  fleecy,  like  feathers. 

The  ancients  believed  that  there  were  just  four  elements  con- 
cerned in  forming  our  globe,  and  all  upon  it,  viz.  earthy  water, 
air  J  and^fre.  What  a  contrast  between  former  and  present 
knowledge! 
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Bepuhton  without  sensible  Heat. 

As  we  stated  in  a  former  paragraph,  that  besides  general  attrac'^ 
tion,  under  the  names  of  gravitation,  cohesion,  capillary,  and 
chemical  attraction,  there  are  modifications  which  have  the 
names  of  electrical  and  magnetical  attractions;  so  we  have  now 
to  remark,  that,  besides  the  general  repulsion  of  heat  just  de- 
scribed, there  are  peculiarities  which  we  call  electrical  and 
magnetical  repulsions.  Whether  these  depend  altogether  on 
diJBferent  causes,  or  are  only  modifications  of  effect  from  the 
same  cause,  we  cannot  yet  positively  decide. 

It  is  a  curious  fact  connected  with  the  subject,  that  there 
seems  to  be  a  film  of  repulsion,  so  to  express  it,  covering  the  gen- 
eral surfaces  of  all  bodies,  and  preventing  their  meeting  in  ab- 
solute contact,  even  when  they  appear  to  the  human  eye  so  to 
do.  Were  it  not  for  this,  things  would  be  constantly  approach- 
ing so  closely  to  each  other,  that  they  would  stick  or  cohere,  in 
a  way  to  disturb  the  common  operations  of  nature  and  art. 
The  following  facts  illustrate  this  superficial  repulsion,  and  the 
means  which  art  uses  to  overcome  it  for  particular  purposes. 

Newton  found  that  a  ball  of  glass,  or  a  wdtchglass,*  laid  upon 
a  flat  surface  of  glass,  does  not  really  touch  it,  and  cannot  be 
made  to  touch  it  by  a  force  of  even  1,000  pounds  to  the  inch. 

In  like  manner,  when  glass,  stone,  porcelain,  or  indeed  almost 
any  body  is  broken,  we  cannot  make  the  parts  cohere  again  by 
simply  pushing  them  together  in  their  former  position:  where 
a  union  therefore  between  separate  masses  is  desired,  we  are 
compelled  to  have  recourse  to  various  artifices. 

A  few  cases  in  which  cohesion  is  easily  effected,  were  enu- 
merated at  page  55 :  the  following  are  other  instances  of  a 
different  kind. 

Gold  leaf  laid  upon  clean  steel,  and  then  forcibly  struck  by  a 
hammer,  coheres  to  the  steel  and  gilds  it  permanently. 

But  iron  can  be  made  to  cohere  to  iron,  only  by  making  both 
pieces  red  hot  before  hammering,  the  process  is  called  welding. 

Iron  and  platinum  are  the  only  metals  that  can  be  welded. 

Tin  and  lead,  in  sheets,  pressed  together  between  the  strong 
rollers  of  a  flatting-mill^  cohere. 
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The  other  metab  require  to  be  jaelted  befiwe  the  superficial 
vefMiliioa  gives  way  so  as  to  allow  separate  quaniities  to  cohere 
or  run  iato  one  mass.  It  is  thus,  for  instance,  that  gold,  silveri 
lead,  &C.  are  treated. 

In  many  eases  the  substanees  are  not  such  as  can  be  melted 
(wDO^  or  marble  for  instance,)  and  then  it  is  necessary  to  use 
some  sort  of  glue  or  cement  Cements  must  have  strong  at- 
traction for  both  substances,  and,  when  dry  or  cool,  must  be  te- 
nacious in  themselves;  solder,  paste,  common  glue,  mortar,  Ac. 
are  the  principal  substances  of  this  kind. 

"  Certain  modifications  cf  Attraction  product  the  subordi- 
nate states,  called  crystal^  porous j  dense^  4^.'*  (Bead 
the  analysis,  F^S^  47.) 

It  is  a  remarkakle  circumstaace,  that  attraction,  in  causing  the 
atoms  to  cohere  so  as  to  form  solid  masses,  seems  not  to  act 
equally  all  around  each  atom,  but  between  certain  sides  or  parts 
of  one,  and  corresponding  parts  of  the  adjoining  ones;  so  that 
when  atoms  are  allowed  to  cohere  according  to  their  natural  ten- 
dencies, Aey  always  assume  a  certain  regular  arrangement  and 
form,  which  we  call  crystal.  Because  in  this  circumstance  they 
seem  to  resemble  magnets,  which  attract  each  other  only  by 
their  poles;  the  fact  has  been  called  the  polarity  of  atoms.  It 
is  the  cause  of  several  of  the  peculiarities  above  enumerated,  as 
elasticity,  &c. 

'<  Crystallization^^  is  exemplified  in  thefollowingparticulars: 

Water  beginning  to  freeze,  shoots  delicate  needles  across  the 
surface;  these  thicken  and  interweave  until  the  whole  mass  has 
become  solid,  but  the  crystalline  arrangement  always  remains. 
In  most  substances  it  is  remarkably  proved,  by  the  forms  of  the 
surfaces  left,  when  the  mass  is  broken. 

Moisture  freezing  on  the  window-pane  in  winter,  exhibits  the 
most  beautiful  varity  of  aboreseence. 

A  flake  of  snow,  viewed  in  the  microscope,  is  seen  to  be  as 
symmetrically  formed  as  a  fern  leaf  or  a  swan's  feather. 

If  a  piece  of  copper  be  thrown  into  a  solution  of  silver  in  ni- 
tric acid,  it  is  preferred  by  the  acid  to  the  silver^  and  is  dissolved 
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aecordingly  :  the  silver  in  the  meantime,  during  its  precipitation 
or  separation,  assumes  the  form  of  a  beautiful  shrub  or  tree,  rest- 
ing on  the  remaining  copper  as  its  root.  This  appearance  is  call- 
ed the  arbor  Dianse. 

Any  metal  which  has  been  melted,  when  allowed  to  cool  again, 
slowly  and  at  rest,  becomes  solid  first  on  the  outside  of  the  mass. 
If,  before  the  cooling  be  completed,  the  remaining  liquid  be 
poured  from  within,  a  curious  internal  crystalline  structure,  like 
grotto  work,  is  seen.  What  is  called  the  grain  of  a  metal  is  the 
result  of  this  crystallization. 

Saltpetre,  glauber  salt,  copperas  (to  use  popular  names,)  or 
any  other  of  the  many  neutral  salts,  being  dissolved  in  water, 
and  the  water  being  then  allowed  slowly  to  evaporate,  re-appears 
in  beautiful  regular  crystals,  each  salt  having  its  peculiar  forms. 

All  the  precious  stones  are  crystals,  and  can  be  well  cut,  only 
parallel  to  their  natural  faces. 

The  basaltio  pilars  of  the  Giant's  Causeway  in  Ireland,  and 
of  the  Isle  of  Staffa,  which  appears  like  a  garden  supported  on 
magnificent  columns  in  the  midst  of  the  ocean,  are  natural  crys- 
talline arrangements  of  particles,  equalling  in  regularity  and 
beauty  any  human  work,  and  so  far  surpassing  in  grandeur  even 
the  Egyptian  pyramids,  that  superstitious  conjecture  naturally 
supposed  there  had  been  giant  architects. 

It  would  be  endless  to  go  on  enumerating  crystalline  masses, 
for  all  nature's  forms,  in  the  inanimate  creation,  as  well  as  in 
most  organized  bodies,  are  regular  and  symmetrical ;  and  what 
we  see  of  broken  continents,  and  islands,  and  rocks,  and  wild 
alpine  scenery,  are  the  effects  of  subsequent  convulsions,  which 
have  deranged  a  primitive  and  natural  order. 

Much  ingenuity  has  been  employed  to  account  for  the  specific 
forms  which  different  bodies  assume  ;  but  the  subject  is  not  yet 
reduced  to  a  state  fitting  it  to  be  a  part  of  this  elementary  study. 
A  familiarity  with  the  various  figures,,  which  the  exact  science 
of  measures  treats  of,  is  required  in  the  person  who  expects  to 
pursue  it  with  pleasure  or  advantage.  The  facts  are  extremely 
curious,  and  the  scientific  investigation  of  them  may  ultimately 
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give  important  information  respecting  the  intimate  constitution 
of  material  nature. 

ic  Porous.^' The  crossing   of   the   constituent  crystalline 

needles  or  plates  in  bodies,  causes  them  to  be  porous  or  full  of  small 
vacant  spaces.  In  some  cases  these  are  visible  to  the  eye,  in 
many  more,  they  are  so  to  the  microscope,  and  in  all  they  are  to 
be  proved  in  some  way. 

Owing  to  the  porosity  arising  from  the  new  arrangement  of 
atoms  on  solidifying,  water  and  a  very  few  other  substances 
become  more  bulky  in  the  change  from  the  liquid  to  the  solid 
state.  Water  then  dilates  with  such  force,  as  to  burst  the  strong- 
est  vessels  which  art  can  provide,  and  in  winter  to  split  rocks, 
where  it  has  been  retained  in  their  crevices.  Freezing  water 
thus  curiously  produces  effects  which  surpass  those  of  exploding 
gunpowder.  This  agency  of  water  contributes  to  the  gradual 
breaking  down  of  our  alpine  summits,  and  the  frequent  discharge 
of  the  destructive  fragments  into  the  valleys.     . 

The  stone  called  hydrophane  (agate)  is  opaque,  until  dipped 
into  water,  when  it  absorbs  into  its  pores  one-sixth  of  its  weight 
of  the  water,  and  afterwards  gives  passage  to  light. 

Into  crystallized  sugar,  and  various  stones,  much  water  will 
enter  without  increasing  the  bulk. 

A  kind  of  sand-stone,  suitably  shaped,  forms  an  excellent  fil- 
ter  or  strainer  for  water. 

Pressure  will  force  water  through  the  pores  of  the  most  solid 
gold  —as  was  seen  in  the  famous  Florentine  experiment,  where 
ahollow,  thick,  golden  ball,  being  filled  with  water  and  squeezed, 
to  try  the  compressibility  of  water,  was  found  to  perspire  all 
over. 
The  examples  of  porosity  in  animal  and  vegetable  bodies  are, 

however,  the  most  remarkable. 

Bone  is  a  tissue  of  cells  and  partitions,  as  little  solid  as  a  heap 
of  empty  packing-boxes.  .        ,.,     t.     ji       r 

Wood  is  a  congeries  of  parallel  tubes,  like  bundles  of  organ 
pipes  —It  has  lately  been  proposed  to  prepare  wood  for  certain 
purposes,  9s  for  making  the  great  wooden  pins  or  nails  used  in 
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ship-buildingy  by  squeezing  it  to  half  its  bulk  between  very  strong 
tollers:  it  thus  becomes  nearly  as  heavy  and  as  strong  as 
metal. 

A  piece  of  wood  sunk  to  a  great  depth  in  the  ocean,  and  ex- 
posed to  the  pressure  there,  has  its  pores  filled  with  water,  and 
becomes  nearly  as  heavy  as  stone.     Thus  the  boat  of  a  whale- 
fishing  ship,  which  had  been  dragged  far  under  water  by  a  whale,  |; 
on  being  afterwards  drawn  up,  was  supposed  to  be  bringing  slU 
piece  of  rock  with  it 

A  piece  of  cork  in  a  strong  close  glass  vessel  nearly  full  of 
water,  may  be  seen  floating  at  the  top  ;  but  if  more  water  be  then 
forcibly  pumped  into  the  vessel,  the  cork  will  be  squeezed  and 
reduced  in  size,  until  at  last  it  becomes  heavier  than  water  and 
sinks.  On  afterwards  allowing  water  to  escape,  the  cork  will 
resume  its  bulk  and  rise.  A  cork  sunk  200  feet  under  water 
will  never  rise  again  of  itself. 

A  bottle  of  fresh  water,  corked  and  let  down  thirty  or  forty 
feet  into  the  sea,  often  comes  up  again  with  the  water  saltish, 
although  the  cork  be  still  in  its  place  :  the  explanation  being, 
that  the  cork,  when  far  down,  is  so  squeezed  as  to  allow  the 
water  to  pass  in  or  out  by  its  sides,  but  on  rising  resumes  its  for- 
mer size. 

"  Density y^^  or  the  quantity  of  atoms  which  exist  in  a  given 
space,  is  very  diiSerent  in  difierent  substances. 

A  cubic  inch  of  lead  is  forty  times  heavier  than  the  same  bulk 
of  cork.  Mercury  is  nearly  fourteen  times  heavier  than  an  equal 
bulk  of  water. 

The  density  depends  on  three  circumstances  :  first,  on  the  \ 
size  or  weight  of  the  individual  atoms  ;  secondly,  on  the  degree 
of  porosity  just  now  explained  ;  thirdly,  on  the  proximity  of  the 
atoms  in  the  more  solid  parts  which  stand  between  the  pores. 

From  many  circumstances  it  appears,  that  the  atoms  even  of 
the  most  solid  bodies  are  nowhere  in  actual  contact,  but  are  re- 
tained in  their  places  by  a  balance  between  attraction  and  repul- 
8ion— thus, 
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A  body  dilates  or  contracts,  according  as  heat  is  added  to  or 
taken  away  from  it. 

A  weight  placed  on  any  upright  rod  or  pillar,  shortens  it,  and 
if  suspended  from  the  bottom  lengthens  it, — ^the  rod  in  both 
cases  returning  to  its  former  length  when  the  weight  is  remo- 
ved. 

When  a  plank  or  rod  is  bent,  the  atoms  on  the  concave  side 
are  for  the  time  approximated,  and  those  on  the  convex  side  are 
drawn  more  apart. 

Tin  and  copper  melted  together  to  form  bronze,  occupy  less 
space  by  one-fifteenth  than  they  do  when  separate :  proving  that 
the  atoms  of  the  one  are  partially  received  into  what  were  va- 
cant spaces  in  the  other.  A  similar  condensation  is  observed 
in  many  other  mixtures.  A  pound  of  water  and  a  pound  of 
salt,  when  mixed,  form  two  pounds  of  brine,  but  they  have  then 
much  less  bulk  than  when  separate.  So  also  of  a  pound  of  su- 
gar dissolved  in  a  pound  of  water. 

Water  and  liquids  generally,  resist  compression  very  power- 
fully, but  they  yield  enough  to  show  that  the  particles  are  not 
in  contact.  It  is  found  that  at  1,000  fathoms  down  in  the  sea, 
the  superincumbent  water  compresses  that  which  is  below  into 
bulk  by  about  a  hundredth  part  less  than  it  would  have  at  the 
surface. 

In  aeriform  masses  the  atoms  are  very  distant,  and  hence 
the  masses  are  more  easily  compressed.  A  pint  of  water  on  as- 
suming the  aeriform  state,  in  which  it  is  called  steam,  under  or- 
dinary pressure,  acquires  nearly  2,000  times  its  former  bulk. 
A  hundred  pints  of  common  air  may  be  compressed  into  a  pint 
vessel,  as  in  the  chamber  of  an  air-gun;  and  if  the  pressure  be 
much  farther  increased,  the  atoms  will  at  last  collapse  and  form 
an  oily  liquid.  The  heat  which  was  contained  in  such  air,  and 
gave  it  its  form,  is  squeezed  out  in  this  operation,  and  becomes 
sensible  all  around. 

From  these  proofs  of  the  non-contact  of  the  atoms,  even  in 
the  most  solid  parts  of  bodies;  from  the  very  great  space  obvi- 
ously occupied  by  pores — the  mass  often  having  no  more  soli- 
dity than  a  heap  of  empty  boxes,  of  which  the  apparently  solid 
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parts  may  still  be  as  porous  in  a  second  degree,  and  so  on;  and 
from  the  great  readiness  with  which  light  passes  in  all  direc- 
tions through  dense  bodies,  like  glass^  rock  crystal,  diamond, 
&c.,  it  has  been  argued  that  there  is  so  exceedingly  little  of  re- 
ally solid  matter,  even  in  the  densest  mass,  that  the  whole 
world,  if  the  atoms  could  be  brought  into  absolute  contact, 
might  be  compressed  into  a  nutshell.  We  have  as  yet  no  means 
of  determining  exactly  what  relation  this  idea  has  to  truth. 

The  comparative  weights  qf  equal  bulks  of  different  bodies  are 
called  their  specific  gravities. 

In  thus  comparing  bodies  it  was  necessary  to  choose  a  stand- 
ard; and  water,  as  being  the  most  easily  procui-able  at  all  times 
and  at  all  places,  has  been  generally  adopted.  The  following 
are  a  few  examples. 

The  metal  called  platinum,  the  heaviest  of  known  substances, 
is  about  twejity-two  times  as  heavy  as  an  equal  bulk  of  water — 
gold  is  nineteen  times  a&  heavy — mercury  thirteen  and  a  half — 
lead  eleven — iron  eight  and  a  half-— copper  eight— common 
stones  about  two  and  a  half — woods  from  a  half  to  one  and  a 
half — cork  one  quarter,  &c. 

"  Hardness^^  is  not  proportioned,  as  might  be  expected,  to  the 
density  of  the  different  bodies,  but  to  the  polarity  of  the 
atoms  in  them,  that  is,  to  the  force  with  which  the  atoms  hold 
their  places  in  some  particular  arrangement. 

Hardness  is  measured  generally  by  the  circumstance  of  one 
body  being  capable  of  scratching  another. — It  is  worthy  of  no- 
tice, however,  that  the  powder  or  dust  of  a  softer  body  will  of- 
ten aid  in  wearing  down  or  polishing  one  that  is  harder. 

Gold  though  soft  is  four  times  heavier  than  the  hard  di- 
amond; and  mercury,  which  is  fluid,  is  nearly  twice  as  dense  as 
the  hardest  steel. 

Diamond  is  the  hardest  of  known  substances.  It  cuts  or 
scratches  every  other  body,  and  is  generally  polished  by  means 
of  its  own  dust. 
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Oltfs-cutters  use  a  point  of  diamond  as  a  glass-knife  for  divi- 
ding and  shaping  iheir  panes. 

Common  flint  also  cuts  glass^  as  is  seen  in  the  common  scrib- 
blings  on  windows. 

It  is  remarkable,  that  the  preparation  of  iron,  called  steel, 
may  either  be  soft  like  pure  iron,  or  by  being  heated  and  sud- 
denly cooled,  in  the  process  called  tempering,  may  become 
nearly  as  hard  as  diamond.  The  discovery  of  this  fact  is  per- 
haps second  in  importance  to  few  discoveries  which  man  has 
made;  for  it  has  given  him  all  the  edge-tools  and  cutting  instru- 
ments, by  which  he  now  moulds  every  other  substance  to  his 
wishes.  A  savage  will  work  for  twelve  months,  with  fire  and 
sharp  stones,  to  fell  a  great  tree  and  to  give  it  the  shape  of  a  ca- 
noe; where  a  modem  carpenter,  with  his  tools,  could  accom- 
plish the  object  in  a  day  or  two. 

The  project  has  lately  been  realized  of  making  engravings 
on  plates  of  soft  steel  instead  of  copper,  and  afterwards  tem- 
pering the  steel  to  such  hardness  that  it  may  be  used  as  a  type 
or  die  to  make  its  impression,  not  on  paper,  but  on  other  plates^of 
soft  steel,  or  of  copper;  each  of  which  is  then  equal  in  value  to 
an  original  and  distinct  engraving,  by  this  means  the  beautiful 
productions  of  art,  instead  of  being  limited  to  a  comparatively 
small  number  of  copies  and  persons,  may  be  multiplied  almost  to 
infinity,  becoming  the  chief  delight  of  all. 

'*  Elasticity^^  is  present  in  a  mass  when  the  atoms,  cohering  in 
a  particular  arrangement  only,  yield,  however,  to  a  certain 
extent  when  force  is  applied,  but  move  back  or  regain  their 
natural  positions  on  the  disturbing  force  being  withdrawn. 

Elastic  bodies  vary  much  as  to  the  extent  to  which  they  yield 
without  breaking,  and  as  to  the  degree  of  perfection  with  which, 
after  the  bending,  or  displacement  of  atoms,  they  regain  their 
former  state.  India  rubber  is  extensively  elastic,  for  it  yields 
far  ;  but  it  is  not  perfectly  elastic,  for  when  atretehed  much  or 
often,  it  soon  becomes  permanently  elongated.  Glass,  again, 
is  perfectly  elastic,  for  it  will  retain  no  permanent  bend  :  but* 
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unless  in  very  thin  plates  indeed,  or  in  fine  threads^  it  will  not 
bend  far  without  breaking. 

All  hard  bodies  are  elastic,  as  steel,  glass,  ivory,  &c.,  and 
many  soft  ones,  as  caoutchouc,  silk  thread,  a  harp-string,  &a 
The  aeriform  bodies  are  all  perfectly  elastic,  as  is  rudely  seen 
in  a  bladder  filled  with  air  and  squeezed,  and  tliey  will  change 
volume  to  a  very  great  extent  Liquids  also  are  perfectly  elastic, 
-  but  to  a  small  extent. 

A  good  steel  sword  may  be  bent  until  its  ends  meet,  and  yet 
when  allowed,  will  return  to  perfect  straightness. 

A  rod  of  bad  steel,  or  of  other  metal,  will  break  in  bending, 
or  will  retain  a  bend. 

An  ivory  ball,  let  fall  on  a  marble  slab,  rebounds  by  its  per- 
fect elasticity  nearly  to  the  height  from  which  it  fell,  and  no 
mark  is  left  on  either.  If  the  slab  be  wet,  it  is  seen  that  the 
ivory  had  been  a  good  deal  flattened  at  the  point  of  contact,  for 
a  considerable  circular  surface  of  the  slab  is  found  dried  by  the 
blow,  Billiard-balls  scarcely  loose  even  their  polish  by  long 
wear,  although  the  touching  parts  yield  at  every  stroke. 

A  marble  chimney-piece  long  supported  by  its  ends,  is  found 
at  last  to  be  bent  downwards  in  the  middle;  and  the  bend  is 
permanent 

A  steel  watch-spring,  although  so  often  and  so  much  bent, 
resumes  its  original  form  when  freed  at  the  end  of  a  century; 
but  occasionally,  without  evident  cause,  while  in  action,  it  will 
suddenly  break. 

Elasticity  is  a  property  of  bodies  of  great  utility  to  man,  as 
in  his  time-pieces,  carriage-springs,  gun-locks,  &c.  &c. 

^^  Britthness^^  designates  that  constitution  of  a  body  where, 

with  hardness,  and  elasticity  perfect  as  far  as  it  goes,  the 

cohesion  among  the  atoms  is  such  that  a  very  slight  change 

of  position  among  them  is  sufiBcient  to  produce  a  rupture. 

A  comparatively  slight  force,  therefore,  if  sudden,  breaks 

them.     It  belongs  to  most  very  hard  bodies. 

Glass  scratches  an  iron  hammer,  proving  that  it  is  harder  than 
iron — ^yet  glass  is  the  very  type  of  fragility;  yielding  to  the 
stroke  of  soft  wood>  or  indeed  of  almost  any  thing. 


72  CONSTITITTIOK  OF  MASSES. 

Steely  when  tempered  so  as  to  be  very  hard,  becomes  brittle 
also.  The  steel  chisels  and  tools  with  which  artificers  now  cut 
and  shape  the  metals,  as  they  formerly  did  wood,  require  of  course 
to  be  exceedingly  hard;  but  they  thus  lose  in  regard  to  the  ex- 
tent  of  their  elasticity  and  hence  are  frequently  brohen.  Cast 
iron,  which  is  much  harder  than  malleable  or  wroufi;ht  iron,  is 
very  brittle,  while  soft  iron  and  steel  are  the  toughest  things  in 
nature. 

**  Malleahhy^^  or  reducible  into  thin  plates  or  leaves  by  hammer- 
ing. This  property,  in  opposition  to  elasticity  and  brittleness, 
belongs  to  bodies  whose  atoms  cohere  equally  in  whatever 
relative  situations  they  happen  to  be,  and  therefore  yield  to 
force,  and  shift  about  among  each  other,  almost  like  the 
atoms  of  a  fluid,  without  fracture  or  change  of  property. 

Gold  is  remarkably  malleable  for  it  may  be  reduced  to  leaves 
of  the  thinness  of  282,000  to  the  inch.  For  gold-beaters  the 
metal  is  first  formed  into  rods,  these  are  afterwards  rolled  or 
flattened  into  ribands,  the  riband  is  cut  into  portions,  which  are 
extended  by  hammering  to  great  breadth  and  thinness,  and  which 
being  again  divided  into  portions,  are  hammered  and  extended 
to  the  thinness  described. 

Silver,  copper,  and  tin  may  also  be  hammered  until  very  thin. 
Most  other  metals  tear  and  break  before  the  operation  is  carried 
£Eir  ;  and  some,  on  being  struck,  break  at  once,  almost  like 
glass. 

**  Ihictiky^^  or  susceptible  of  being  drawn  into  wire.  One 
would  almost  expect  malleability  and  ductility  to  belong  to 
the  same  substances  and  in  the  same  degrees — but  they  do 
not.  In  ductile  substances,  as  in  malleable,  the  atoms  seem 
to  have  no  more  fixed  relation  of  position  than  in  a  liquid,  but 
yet  they  cohere  very  strongly. 

One  end  of  a  rod  of  iron^  or  other  ductile  metal,  being  redu- 
ced in  size  so  as  to  pass  through  an  opening  in  a  plate  of  steel, 
is  seized  by  strong  nippers  on  the  other  side  of  the  plate  and 
the  whole  rod  is  drawn  through.     It  is  thus  reduced,  of  course. 
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to  the  size  of  the  opening,  and  is  lengthened  in  a  like  proportion. 
By  repeating  the  operation  through  smaller  holes  successively, 
a  wire  may  at  last  be  obtained  of  the  size  of  a  hair. 

Dr.  Wollaston^s  ingenuity  produced  platinum  wire  smaller 
than  spider's  thread.  He  drilled  a  hole  in  the  axis  of  silver  wire, 
and  filled  It  with  small  platinum  wire.  He  then  reduced  the 
compound  piece  to  the  smallest  wire  possible,  and  on  dissolving 
the  silver  from  the  outside,  he  exposed  to  view  the  beautiful 
filament  of  platinum. 

The  order  in  which  metals  may  be  ranged  according  to  their* 
ductility  is,  platinum,  silver,  iron,  copper,  gold,  &c. 

Melted  glass  has  great  ductility.  The  workers  draw  or  spin 
it  into  threads,  by  merely  attaching  a  point,  pulled  out  from  the 
mass,  to  the  circumference  of  a  turning- wheel.  A  uniform 
thread  continues  to  be  drawn  out  and  wound  upon  the  wheel, 
at  the  rate  of  1,000  yards  or  more  per  hour.  This  glass  thread 
when  cut  into  bunches,  resembles  beautiful  white  hair. 

*^  Pliant.  In  bodies  distinguished  by  this  title,  the  cohesion 
is  not  destroyed  by  considerable  change  of  direction  among 
the  atoms,  but,  unlike  what  happens  in  a  ductile  mass,  the 
same  atoms  always  romain  together.  Pliant  things  are 
chiefly  animal  and  vegetable  fibres  and  membranes-— silk, 
bladder,  lint,  hemp,  &c.  &c. 

^^  Tenaeiiy^^  means  the  force  of  cohesion  among  the  i^toms  o^ 
any  mass.  It  belongs  more  or  less  to  all  solids  and  even  to 
liquids. 

This  property  varies  much  in  different  substances.  Iron  and 
its  modificatioa  called  steel  possess  it  in  the  most  remarkable 
degree. 

The  following  table  showsthe  comparative  tenacity,  or  strength 
to  bear  pulling,  of  different  metals  and  woods*  Supposing  simi- 
lar wires  or  rods  of  each  to  be  used,  and  of  sUch  a  size  that  thd 
surface  ^a  oroiv-seeiioa  would  be  one-thousandth  of  a  square 
inch,  the  weights  aupported  would  b<»  ii««rly  i©  follows  :— 
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METALS. 

Cast  steel 134  lbs. 

Best  wrought  Iron.  70 

Cast  Iron 19 

Copper 19 

Platinum 16 

Silver \ 11 

Gold 9 

Tin 5 

Lead 2 

WOODS. 

Teak 13 

Oak 13 

Beech 124 

Ash 14 

Deal 11 

Steel  wire  will  support  about  39,000  feet  of  its  own  length. 

Iron,  compared  in  this  way,  is  five  or  six  times  stronger  than 
oak. 

Certain  animal  substances  have  great  tenacity  :  as — the  silk- 
worm's thread)  which  is  our  strongest  connecting  or  sewing  ma- 
terialy  and  has  such  flexibility  united  with  its  strength — the  lig- 
aments and  tendons  of  the  animal  body,  possessing  at  once  such 
admirable  strength,  elasticity,  and  pliancy  :  these,  when  dried, 
and  otherwise  prepared,  constituted  the  bow-strings  of  our  re- 
mote forefathers — the  hair  or  wool  of  animals,  twisted  into 
threads,  and  worked  into  the  strong  and  beautiful  textures  of  the 
loom — ^strips  of  animal  intestine,  prepared  and  twisted,  forming 
the  cords  of  harp  and  violin,  and  in  strength  and  uniformity 
rivalling  the  steel  wires  of  keyed  instruments. 

The  gradual  discovery  of  substances  possessed  of  strong  te- 
nacity^ and  which  man  could  yet  easily  mould  and  apply  to  his 
purposes,  has  been  of  great  importance  to  his  progress  in  the 
arts  of  life.  The  place  of  the  hempen  cordage  of  European  na- 
vies is  still  held  in  China  by  twisted  canes  and  strips  of  bamboo  ; 
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and  even  the  hempen  cable  of  Europe,  so  ffeot  an  improvement 
on  former  usage,  is  now  rapidly  giving  way  to  the  more  com- 
plete and  commodious  security  of  the  iron  chain — of  which  the 
material  to  our  remote  ancestors  existed  only  as  useless  stone  or 
earth. — ^And  what  a  magnificent  spectacle  is  it,  at  the  present 
day^  to  behold^  chains  of  tenacious  iron  stretched  high  across  a 
channel  of  the  ocean,  as  at  the  Menai  Strait  between  Anglesea 
and  England,  and  supporting  an  admirable  bridge-road  of  safety, 
along  which  crowded  processions  may  pour,  regardless  of  the 
deep  below,  or  of  the  storm  ;  while  ships  there,  with  sails 
full-spread^  pursue  their  course^  unmolesting  and  unmolested  ! 
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APPEBTDIX 

TO    PART    L— SECTION    L 

BT    THE    AMKRtCAV  EDITOR. 


If  the  reader  has  studied  the  preceding  section  with  atten- 
tion he  is  prepared  to  understand  the  {oMowing  propositions. 

Prop.  1. — Matter  is  endowed  with  properties. 

Prep,  2. — The  properties  of  matter  are  distinguishable  into 
two  classes,  first  those  which  are  general  or  belong  to  all 
hinds  of  matter,  and  second  those  which  SiTe  peculiar  or  belong 
only  to  particular  kinds  of  matter. 

Prop,  3. — ^The  general  properties  of  matter  are  indistruc- 
tibility  {p.  47;)  extension  or  the  property  of  occupying  a  por- 
tion of  space  {p.  48;)  divisibility  {p.  49;)  impenetrability 
{p.  50;)  and  inertia  {p.  45.) 

Prop.  4. — ^Every  particle  of  matter,  and  also  all  masses, 
have  a  mutual  attraction  for  one  another,  or  endeavour  to  get 
near  each  other;  and  this  attraction  is  inversely  as  the  squares 
of  the  distances. 

There  are  several  kinds  of  attraction,  and  they  have  been  de- 
nominated, gravitation  {p.  54;)  cohesion  (p.  54;)  electric, 
magaetic  (^p.  59;)  afBnity  or  chemical  attraction  {p.  57;)  and 
capillary  attraction  (p.  56.) 

Prop.  5. — Attraction  of  gravitation,  or  that  force  by  which 
all  the  masses  of  matter  tend  towards  each  other,  is  exerted  at 
all  distances. 

Prop.  6. — Attraction  of  cohesion  acts  only  within  certain 
limits,  and  where  its  sphere  of  attraction  ends,  a  repulsive  force 
begins. 

Prop.  7. — Repulsion  except  when  dependen  on  electricity 


or  magnetism^  is  owing  to  the  presence  of  heat,  which  latter 
pervades  all  matter. 

Prop.  8. — ^The  particles  of  matter  are  more  or  less  close^ 
according  to  the  quantity  of  heat  among  them;  but  they  are 
never  in  actual  contact  {p.  63.  68^)  and  hence  porosity  is 
usually  considered  as  one  of  the  properties  of  matter. 

Prop.  9. — The  peculiar  properties  of  matter  are  density 
(p.  69,)  hardness  (/?.  69,)  elasticity  {p.  70,)  brittlenesg  (p.  71,) 
malleability  {p.  71,)  ductility  {p.  73,)  pliability  (/?.  74,)  te- 
nacity,  {p.  74,)  &c. 
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SECTION  n.— THE  MOTIONS    OR  PHENOMENA    OP    THE  UNI- 
VERSE. 


Alf  AliYBIB  OF  THS  SECTION. 

Oyu  bodies  or  masses  composmg  the  tanoerse  may  he  at  rest  or  in  motion^  and 
there  is  an  utsrtia,  or  what  may  be  figuratively  called  a  stnbbomess  in  their 
eonytonent  atoms,  tokieh  resists  all  change,  and  renders  force  equally  necessa- 
ry to  produce  motion,  to  take  it  away,  or  to  bend  it.  Untform  straight  motion, 
therefore,  is  as  naturally  permanent  as  rest  Hence  also  the  motion  in  a 
body,  measured  by  its  velocity,  direction,  and  quantity  of  matter,  is  the  mea- 
sure  of  the  degree  and  direction  of  the  force  or  forces  which  produced  it,  and 
qf  the  force  or  momentum  which  the  body  can  exhibit  again  when  opposed  or 
made  to  act  itself  as  a  cause  of  some  new  motion 

The  two  great  forces  of  nature,  attraction  and  repulaion,  acting  upon  inert  mtLi- 
ier,  produce  the  equable,  accelerated,  retarded,  and  bent  motions  which  con- 
stitute the  great  phenomena  of  the  universe — Tides,  currents,  winds,  falling 
bodies,  fyc.  obey  attraction. — Explosion,  steam,  collision,  Sfc,  obey  repulrion. 
And  as  in  every  case  of  attraction  or  repulsion,  two  masses  at  least  nnust  be 
concerned,  there  can  be  no  motion  or  action  in  the  imiverse,  toithout  an  equal 
concomitant  and  opposite  motion  or  re-action. 


^*  Motion^' 

Is  the  term  applied  to  the  changing  of  place  among  bodiecL 
Were  there  no  motion  in  the  universe  it  would  be  dead.  It 
would  be  without  the  rising  or  setting  sun,  or  river-flow,  or 
moving  winds,  or  sound,  or  light,  or  animal  existence.  To  un- 
derstand the  nature  and  laws  of  the  motions  or  changes  which 
are  going  on  around  him,  is  to  man  of  the  greatest  import- 
ance, as  it  enables  him  to  adapt  his  actions  to  what  is  coming  in 
futurity,  and  often  to  interfere  so  as  to  control  and  direct  futu- 
rity, for  his  special  purposes. 

Motion  is  described  in  any  particular  case,  by  referring  to  cer- 
tain objects  and  certain  standards  of  velocity. — ^A  man  sitting 
on  the  deck  of  a  sailing  ship  has  common  motion  with  the  ship: 
if  walking  on  the  deck,  he  has  relative  motion  to  the  ship:  but 
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if  he  be  walking  towards  the  stern^  just  as  fast  as  the  ship  ad- 
vances, he  is  at  rest  relatively  to  the  bottom  or  shore.  A  ship 
sailing  against  the  tide,  just  as  fast  as  the  tide  runs,  has  rest  re- 
latively both  to  the  earth  and  water.  Absolute  motion  is  that 
which  is  relative  to  the  whole^  universe,  or  to  the  space  in  which 
the  universe  exists.  We  have  no  means  of  ascertaining  such  : 
for  although  we  know  how  fast  our  globe  whirls  upon  its  axis 
and  round  the  sun,  we  have  no  measure  of  the  motion  of  the 
sun  himself — revolving  probably  round  some  more  distant  cen- 
tre, and  carrying  all  the  planets  along  with  him. 

Motion  is  called  rapid^  as  that  of  lightning — slow^  as  that  of 
tlie  sun-dial  shadow:  both  terms  having  reference  to  ordinary 
intermediate  velocities.  It  is  called  siraighiy  or  rectilhiealy  in 
the  observed  path  of  a  falling  body — bent,  or  curvilinear^  in 
the  track  of  a  bullet  shot  obliquely — accelerated,  in  a  stone 
falling  to  the  earth — retarded,  in  the  stone  thrown  upwards 
while  rising  to  the  point  where  it  stops  before  again  descending. 

^'  The  inertia  of  bodies f  resisting  change  of  state,  whether 
they  be  in  motion  or  at  rest." 

That  bodies  tend  to  continue  in  the  state  of  motion  or  of  rest  in 
which  they  happen  to  be,  so  as  to  render  force  necessary  to 
change  the  state,  is  seen  in  the  following  facts.  The  scienti- 
fic term  used  to  express  the  general  truth  is  inertia,  and 
sometimes  the  words  obstinacy  and  stubbomess  have  been 
substituted  as  farther  explanatory. 

When  the  sails  of  a  ship  ai-e  first  spread  to  receive  the  force 
or  impulse  of  the  wind,  the  vessel  does  not  acquire  her  velocity 
at  once,  but  slowly,  as  the  continuing  force  gradually  overcomes 
the  inertia  of  her  mass.  If  the  sails  are  afterwards  suddenly  ta- 
ken in,  she  does  not  lose  her  motion  at  once,  but  slowly  again, 
as  the  Continued  resisting  force  of  the  water  destroys  it. 

Horses  must  make  a  greater  efibrt  at  first  to  put  a  carriage 
into  motion,  than  to  maintain  the  motion  afterwards.  And 
a  strong  effort  is  required  io  stop  a  moving  carriage. 

When  a  carriage  hanging  from  springs  first  begins  to  move, 
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the  body  of  it  appears  to  fall  back,  and  a  peraon  within,  seeing 
to  be  suddenly  thrown  against  the  back  cushion.  When  the 
carriage  stops  again^  the  body  swings  forward,  and  if  the  stop- 
page  be  very  sudden,  a  careless  passenger,  may  find  his  head 
pressing  through  a  front  glass.  These  particulars  prove  the  in- 
ertia, first  of  rest,  and  secondly  of  motion. 

A  man  standing  carelessly  at  the  stern  of  a  boat,  when  the 
boat  begins  to  move,  falls  into  the  water  behind;  because  his 
feet  are  pulled  forward,  while  the  inertia  of  his  body  keeps  it 
where  it  was,  and  therefore  without  its  support  The  stopping 
of  a  boat,  again,  illustrates  the  opposite  inertia  of  motion,  by 
the  man's  falling  forward. 

A  bad  rider  on  horseback  may  be  left  behind,  when  his  horse 
darts  off  suddenly;  or  may  be  thrown  off  on  one  side  by  the 
horse  starting  to  the  other.  A  horse  at  speed,  stopping  sudden* 
ly,  often  sends  his  cavalier  over  his  ears: — ^as  was  mortifyingly 
experienced  by  a  coxcomb  who  choose  to  canter  along  a  foot** 
path,  to  the  annoyance  of  the  company,  and  whose  horse,  on 
hearing  the  word  halt  loudly  addressed  to  it  by  a  waggish 
spectator  who  knew  its  military  history,  suddenly  stood,  and 
got  rid  of  its  load.  The  will  of  the  beau  had  sinned  gross« 
ly  against  the  law  of  propriety,  but  his  body  very  perfectly 
obeyed  the  laws  of  inertia  and  gravity,  by  shooting  forward  in 
its  parabolic  curve  to  the  earth. 

A  young  and  not  yet  skilful  Jehu  having  run  his  phaeton 
against  a  heavy  carriage  on  the  road,  foolishly  and  dishonestly 
excused  his  awkwardness,  in  a  way  which  led  to  his  father's 
prosecuting  the  old  coachman  for  furious  driving.  The  youth 
and  his  servant  both  deposed,  that  the  shock  of  the  carriage  was 
.  so  great  as  to  have  thrown  them  over  their  horses'  heads,  and 
thus  they  lost  the  cause,  by  unwittingly  proving,  that  the  faulty 
velocity  was  their  own. 

A  man  jumping  from  a  carriage  at  speed,  is  in  great  danger 

II  of  falling  after  his  feet  reach  the  ground;  for  his  body  has  as 

I    much  forward  velocity,  as  if  he  had  been  running  with  th^ 

speed  of  the  carriage;  and  unless  he  advance  his  feet  as  in  run* 

ning,  to  support  his  advancing  body,  be  must  as  certainly  be 
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dashed  to  the  ground,  &s  a  runner  whose  feet  are  suddenly  ar- 
rested. A  man  racing  who  receives  a  signal  to  stop,  and  a  man 
jumping  from  a  flying  vehicle,  must  check  their  motion  nearly 
in  the  same  way. 

A  person  wishing  to  leap  over  a  ditch  or  chasm,  makes  a  run  >t 
first,  that  the  motion  thereby  acquired  may  help  him  over. 
A  standing  leap  falls  much  short  of  a  running  one. 

An  African  traveller  saw  himself  followed  by  a  tiger,  from 
which  be  could  not  escape  by  running;  but  perceiving  that  the 
animal  was  watching  an  opportunity  to  seize  him  by  the  usual 
spring  or  leap,  he  artfully  led  it  to  where  the  plain  terminated 
in  a  precipice  hidden  by  brush-wood,  and  he  had  just  time  to 
transfix  his  hat  and  cloak  to  a  bush,  and  to  retreat  a  few  paces, 
wheal  the  tiger  sprung  upon  the  bush,  and  by  the  motal  inertia 
of  its  body,  was  carried  over  the  precipice,  and  destroyed. 

From  a  glass  of  water  suddenly  pushed  forward  on  a  table^ 
the  water  is  spilt  of  left  behind,  but  if  the  glass  be  already  in 
motion,  as  when  carried  by  a  person  walking,  and  if  it  then  be 
suddenly  stopped  by  coming  against  an  impediment,  the  water 
is  thrown  or  spilt  forward. 

A  servant  carrying  a  tray  of  glasses  or  china  in  the  dark, 
and  coming  suddenly  against  an  obstacle,  hears  all  his  freight 
slipping  forward  and  crashing  at  his  feet:  and  a  too  hurried  de- 
parture with  such  a  load  causes  equal  destruction,  on  the  op- 
posite side. 

The  actions  of  beating  a  coat  or  carpet  with  a  cane,  to  expel  || 
the  dust;  of  shaking  the  snow  from  one's  shoes,  by  kicking 
against  the  door-post;  of  knocking  a  dusty  book  against  a  table, 
or  shutting  it  violently«-^l  illustrate  the  same  principle. 

If  a  guinea  be  laid  on  a  card,  already  resting  on  the  point  of 
the  finger,  a  smart  fillip  or  blow  to  the  edge  of  the  card  will 
cause  it  to  dart  off,  but  the  guinea,  by  its  inertia,  will  remain 
testing  on  the  finger. 

When  we  desire  a  person,  with  suspected  disease  of  the  brain, 
to  shake  his  head,  and  tell  whether  and  where  he  feels  pain,  we 
are  doing  nearly  as  if*  we  touched  the  naked  brain  with  the  fin* 
gsr  to  find  the  tender  part;  for  the  inertia  of  the  brain,  when  the 
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skull  is  moved,  causes  a  momentary  pressure  between  it  and  tbe 
skull,  almost  equivalent  for  our  purpose  to  such  a  touch. 

This  kind  of  pressure  is  sufficient  to  break  and  destroy  tender 
wares — as  glass  or  eggs-^in  packages  which  are  too  suddenly 
moved  or  stopped. 

A  weight  suspended  by  a  sprii^  on  ship^board  is  seen  vibra«< 
ting  up  and  down  as  the  ship  pitches  with  the  waves.  It  seems 
to  fall  as  the  ship  rises^  and  to  rise  as  the  ship  falls:  but  tbe  mo- 
\  I  tion  is  really  in  tbe  ship,  and  the  rest  is  in  the  weight.  A  heavy 
weight  so  supported,  and  connected  with  a  pump-rod,  would 
work  the  pump. 

Like  the  weight  last  mentioned,  the  mercury  of  a  common 
barometer  on  ship-board  is  seen  rising  and  fidling  in  the  tube; 
and  until  the  important  improvement  was  lately  made,  of<  nar- 
rowing the  tube  in  one  place  to  prevent  this,  tbe  barometer  was 
u&eless  at  sea.  The  explanation  is,  that  the  tube  rises  asid  &lls 
with  the  ship,  from  being  connected  withgit;  but  the  meroury^ 
which  plays  freely  in  the  tube,  and  is  supported  by  the  atmos* 
pheric  pressure,  tends,  by  its  inertia,  to  remain  at  rest,  and  thus 
makes  the  motion  of  the  ship  apparent 

Like  the  mercury  in  the  barometer  tube  on  ship-board,  tbe 
blood  in  the  vessels  of  animals  is  similarly  affected  under  simi* 
lar  circumstances.  In  a  long  vein  below  the  heart,  when  the 
body  falls,  the  blood,  by  its  inertia  and  the  supporting  action  of 
the  vessels,  does  not  fall  so  fast,  and  therefore  really  rises  in  the 
vein  :  and  as  there  are  valves  in  the  veins  preventing  return, 
the  circulation  is  thus  quickened  without  any  muscular  exhaus- 
tion on  the  part  of  the  individual.  This  helps  to  explain  tbe 
effect  of  the  movement  of  carriages,  vessels  at  sea^  swings,  and 
of  passive  exercise  generally,  on  tbe  circulation,  and  leaves  it 
leas  a  mystery  why  these  are  often  so  uaeful  in  certain  states  of 
weak  h€«ltb- 

If  a  cannon  ball  were  to  break  to  pieces  in  its  flight,  its  parts 
would  still  advance  with  the  previous  velocity*  Thus  also,  in 
the  deadly  contrivance  of  the  Shrapnel  sheU,  which  is  a  case 
containing  hundreds  of  musket  bullets,  these  being  set  loose  at 
the  desired  distance  from  the  devoted  bo4y  of  men^  r^aia  the 
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forward  TOlocitjr  of  the  Bfaell,  mkt  spread  death  around  like  the 
discharge  on  the  spot  of  a  whole  battalion  of  nrasquetry. 

On  the  awful  occaaioa  of  a  ship  in  rapid  motion  being  sud- 
denly arrested  bj  a  sunken  rock,  all  things  on  board,  men,  guns, 
and  furniture,  start  from  their  places  and  dash  forwards ;  and  the 
inertia  or  motal  obstinacy,  of  the  stem  parts  of  the  ship,  by  press- 
ing forward,  Pushes  the  bow  against  the  rock. 

"  Motion  as  naturally  permanent  as  rest.^^ 

From  the  instances  now  given,  it  is  seen  that  a  body  at  rest 
would  never  move  if  force  were  not  applied,  and  that  a  body  put 
into  motion  retains  motion,  at  any  rate  for  a  time,  after  the  force 
has  ceased ;  still  there  is  a  feeling,  from  common  experience, 
that  motion  is  an  unnatural  or  forced  state  of  bodies,  and  that  all 
moving  things,  if  left  to  themselves,  would  gradually  come  to 
rest  It  is  recollected  that  a  stone  projected  comes  to  rest,  or 
a  wheel  left  moving,  or  a  bowl  rolling  on  the  green,  or  the 
waves  heaving  after  a  storm — and,  in  a  word,  that  there  is  no 
perpetual  motion  on  earth. 

On  more  attentive  consideration,  however,  it  may  be  per* 
ceived  that  there  are  ^reat  differences  in  the  duration  of  motions, 
and  that  the  differences  are  always  exactly  proportioned  to  evi- 
dent causes  of  retardation,  and  chiefly  to  friction  and  the  re- 
sistanee  qfthe  air. 

Friction  is  the  resistance  which  bodies  ei^rience  when  rub- 
bing er  sliding  upon  each  other ;  and  however  much  it  may  be 
diminished  by  art,  it  can  in  no  case  be  annihilated.  Air-resis* 
tance  again,  to  motions  going  on  in  air,  is  of  the  same  nature  as 
water-resistance,  to  motions  going  on  in  water,  only  less  in  de- 
gree 9  and  as  advancing  science  has  shown  the  true  nature  of  our 
atmosphere,  the  amount  of  this  resistance  is  perfectly  ascerr 
tsined. 

A  smooth  ball  rdled  on  the  grass  soon  stop^-non  a  green 
dotfi  over  a  smooth  plank  it  goes  longer — on  the  bare  plank 
longer  still'-on  a  smooth  and  level  sheet  of  ioe,  it  hardly  suf- 
fers any  retardation  from  friction^  and,  if  the  air  be  moving 
with  it,  will  reach  a  distant  shore. 


S4  MOTIONS  AND  FOKCBS. 

Two  little  windmill  wheels,  set  in  motion  together  with  equal 
velocity,  but  of  which  one  has  the  flat  sides  of  the  vanes  turned 
to  their  course,  and  the  other  the  edges,  if  moving  in  the  air, 
will  stop  at  very  different  times,  but  if  tried  in  a  vessel  from 
which  the  air  has  been  removed,  they  will  stop  exactly  together. 

As  it  is  to  facilitate  the  motion  of  fishes,  in  the  water,  that 
they  are  of  sharp  form  before  and  behind;  so  is  it  to  facilitate  the 
motion  of  birds  in  the  air  that  they  have  somewhat  of  similar 
form. 

A  large  spinning-top,  with  a  fine  hard  point,  set  in  motion  in 
a  vacuum,  and  on  a  hard  smooth  surface,  will  continue  turning 
for  hours. 

A  pendulum  in  a  vacuum  has  only  to  overcome  slight  friction 
at  its  point  of  suspension,  and  therefore^  if  once  put  in  motion^ 
will  vibrate  for  a  whole  day  or  more.. 

£ut  it  is  in  the  celestial  spaces  that  we  see  motions  completely 
freed  from  the  obstacles  of  air  and  friction— and  there  they 
slacken  not. 

Had  the  human  eye,  unassisted,  been  able  to  descry  the  four 
beautiful  moons  of  Jupiter,  wheeling  around  him  for  these  thou* 
sands  of  years,  with  such  unabated  regularity,  and  which  now 
form,  to  the  telescope  of  the  astronomer,  a  perfect  and  magnifi* 
cent  time-piece  in  the  sky— otr  had  science  long  proved  that  the 
velocity  imparted  to  our  globe,  when  first  launched  into  its  pre- 
sent orbit,  still  wheels  it  along  as  swiftly  as  in  the  days  of  the 
first  man,  this  error  or  prejudice  that  motion  is  always  tending 
to  rest,  would  never  have  arisen. 

Indeed,  had  this,  and  other  truths  of  the  same  class  now 
known,  been  long  familiar  to  the  common  mind,  the  opposite 
prejudice  would  as  probably  have  obtained,  that  motion  is  the 
natural  state,  and  rest  a  forced  or  unknown  state.  We  know  of 
nothing  which  is  absolutely  at  rest.  The  earth  is  whirling 
round  its  axis  and  round  the  sun;  the  sun  is  moving  round  his 
axis  and  round  the  centre  of  gravity  of  the  solar  system,  and^ 
doubtless,  round  some  more  remote  centre  in  the  great  wm 
yerse^  carrying  all  his  planets  and  cojnets  about  his  path. 
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If  there  were  any  natural  tendency  in  moving  bodies  to  tstopf 
a  thing  floating  in  a  trough  of  water^  on  board  a  saHing  ship^ 
ehould  always  be  found  at  the  end  of  the  trou^  nearest  the 
stem;  and  in  all  the  seas  and  lakes  of  the  earth,  the  floating 
things  would  be  accumulated  on  the  western  shores,  because  the 
surface  of  the  earth  is  always  turning  to  th^  east  We  know 
that  neither  of  these  suppositions  is  the  truth:  and  a  man  on 
board  a  moying  ship  can  throw  a  ball  just  as  far  towards  the 
bow  as  towards  the  stern;  although  in  the  two  cases  the  velocity, 
as  regards  the  earth,  is  so  difierent 

The  state  of  the  objects  around  us  on  the  surface  of  the  eiortb, 
which  surface  near  the  equator  we  know  to  be  revolving  with  a 
velocity  of  1,000  feet  per  second,  is  well  exemplified,  on  a 
smaller  scale,  by  that  of  the  furniture  in  the  cabin  of  a  sailing 
ship..  An  admiral  may  sit  there,  surrounded  by  his  books,  te^ 
lescopes,  quadrants,  time-pieces,  &c. ;  and  seeing  them  always 
in  the  same  relative  places,  he  may  at  last  cease  to  think  of  his 
own  motion  and  of  theirs;  and  if  he  looked  not  abroad,  and  the 
Bhip  went  oa  uniformly,  he  would  really  be  as  insensible  of  the 
motion,  as  men  on  shore  are  of  the  whirling  of.  the  earth.  It 
would  make  no  difierence  in  the  two  cases,  whether  the  ship 
were  sailing  one  mile  or  fifteen  in  the  hour,  or  whether  the  eu* f  h 
were  turning  once  in  twenty-four  hours,  or,  like  the  planet  Ju- 
I»ter,  once  in  ten. 

Thus,  we  perceive,  that  whatever  comrnon  motion  objects  may 
have,  it  does  not  interf^^  with  the  effect  of  a  force  producing 
any  new  relative  motion  among  them.  All  the  motions  seen  on 
earth  are,  really  only  slight  differences  among  the  ccmimon  mo- 
tions; as  in  a  fleet  of  sailing  ships,  the  apparent  changes  of  place 
among  them  are  in  truth  only  riight  alterations  of  speed  or  di- 
rection, in  their  individual  courses.  This  explains  why  men 
are  not  sensible  of  the  rapid  motion  of  the  ear^,  all  things  mo- 
ving at  the  same  rate;  and  why  a  man  in  the  hold  of  a  ship  can- 
not say  whether  the  rushing  of  water,  which  he  hears  from 
without,  be  a  rs^id  tide  passing,  or  the  effect  of  the  ship's  ad- 
vance in  the  river;  and  why,  in  a  ship  sailing  in  smooth  water, 
or  carried  by  a  rapid  tide,  a  man  blindfolded,  and  turned  round 
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a  few  HmtiB  oA  his  hed^  cannot  aterwarda  say  whether  his  &ce 
be  towards  the  bow  or  the  stem. 

A  man  oontinaiDg  to  throw  li^wards  a  baU  or  oran^,  or  so* 
vera!  ef  them  at  once>  tnd  to  catch  and  retam  them  altemateify 
uses  no  difierenoe  of  art  as  regards  them,  whether  he  be  stand* 
ingon  the  earth  and  whirling  with  it,  or  on  a  sailing  ship's  deck| 
or  in  a  moving  carriage,  or  on  a  galloping  horse's  back.  He 
and  the  oxugBS  have  always  the  same  forward  common  motion* 
And  when  a  man,  standing  on  a  galloping  horse,  leaps  through 
a  hoop  held  across  his  course,  he  does  not  leap  fiorwafd— for 
this  would  throw  him  over  the  horse's  ears— but  merely  jumps 
np,  and  allows  his  motal  inertia  to  carry  him  throogh. 

The  reason  that  a  lofty  spire  or  obelisk  stands  more  securely 
on  the  earth  than  a  pillar  stands  on  the  bottom  of  a  moving  wa- 
]^n,  is,  not  that  the  earth  is  more  at  rest  than  the  wagon,  but 
that  its  motion  is  uniform. — Were  the  present  rotation  of  our 
globe  to  be  arrested  bat  for  a  moment,  imperial  London,  with 
its  thousand  spires  and  turrets,  would  be  swept  from  its  valiey 
towards  the  eastern  ocean,  just  as  loose  snow  is  swept  away  by 
a  gust  of  wind. 

Ignorance  of  the  law  of  motal  inertia  led  a  story-telling 
mariner  to  assert,  as  a  proof  of  the  fast  sailing  of  his  £ivourite 
ship,  ttiat  when  a  man  one  day  fell  from  the  mast-head,  the  ship 
had  slipped  from  under  him  before  he  reached  the  deck:  the 
fact  being,  that  he  must  have  fallen  on  the  same  part  of  the  deck, 
whether  the  ship  wcro  in  motion  or  at  rest,  because  his  body 
had  just  the  motion  or  rest  which  belonged  to  her. 

Another  wise  man,  reflecting  th«t  the  earth  turns  round  once 
in  twenty-four  hours,  proposed  rising  in  a  balloon,  and  waiting 
aloft  until  the  country  which  he  desirod  to  reach  riiould  be  pass- 
ing under  him. 

*^  Motion  naturcUly  uni/orm.^^  {See  the  ana^^,) 
It  is  only  repeating  that  a  body  cannot  acquire  or  lose  motion 
without  a  fresh  cause,  to  say  that  free  motion  must  be  unifimn. 

The  perfect  uniformity  of  undisturbed  motion,  is  proved  by 
every  fact  observed  in  the  universe.     If  any  continued  motion. 
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as  of  a  planet  for  instance,  be  found  at  one  time  to  ka^e  a  eertain 
relative  velocity  to  some  other  motion,  the  same  rektioa  i» 
foQnd  always  to  hold:  or  deviations  from  perfect  uniformily  are 
always  exactly  proportioned  to  the  disturbing  eauses. 

Had  motion  not  been  it\  its  nature  uniform,  man  could  have 
formed  no  rational  conjecture  or  anticipation  as  to  future  events; 
fitir  it  is  by  assuming  for  instance,  that  the  earth  wiU  oootiaue 
to  turn  uniformly  on  its  axis,  that  he  speaks  of  i(hmorrow  and 
of  next  week,  &c.,  and  that  he  makes  all  his  arrangements  for 
future  emergencies:  and  were  the  coming  day,  or  season,  or  year, 
to  arrive  sooner  or  later  than  such  anticipation,  it  would  throw 
such  confusion  into  all  bis  affiiirs,  that  the  world  would  soon 
be  desolate. 

To  calculate  futurities,  then,  or  to  speak  of  past  events,  is 
m«*ely  to  take  some  great  uniform  motion  as  a  standard  with 
which  to  compare  all  others;  and  then  to  say  of  the  remote 
event,  that  it  coinoided  or  will  coincide  with  some  described 
state  of  the  standard  motion.  The  most  obvious  and  best  stan- 
dards are  the  whirling  of  the  earth  about  its  axis,  and  its  great 
revolution  round  tlie  sun.  The  first  is  rendered  very  sensible 
to  man  by  his  alternately  seeing  and  not  seeing  the  sun,  and  it 
is  called  a  dojf;  the  second  is  marked  by  the  sucoession  of  the 
seasons,  and  it  is  called  a  year.  The  earth  turns  upon  its  axis 
about  365  times  while  it  is  performing  one  circuit  round  the  sun, 
and  thus  it  divides  the  year  into  so  many,  smaller  parts;  and  the 
day  is  divided  into  smaller  parts,  by  the  progress  of  the  earth's 
whirling  being  so  distinctly  marked,  in  the  constantly  varying 
direction  of  the  sun,  as  viewed  from  any  given  spot  en  the  fitce 
af  the  earth* — ^Wh^n  advancing  civiliaation  made  it  of  impcnrtance 
to  man  to  be  able  to  ascertain  with  precision  the  very  instant  of 
the  earth^s  revolution,  connected  with  any  event,  various  con- 
trivances were  introduced  for  the  purpose.  Suoh  have  been^ 
son-dials,  where  the  shadow  travels  progressively  roend  the 
divided  circle;  the  uniform  flux  of  water  thlovf^  a  prepared 
qpening;  the  flus  of  eand  ia  the  common  hour-f^asa,  &c.  But 
the  very  triun^ha  of  modern  ingenuity  and  art  are  those  as- 
tronomical clocks  and  watches,  in  which  the  counted  equal 
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vibnttions  of.a  pendulum,  or  balance- wheel,  have  detected  peri- 
odical inequalities  even  in  the  motion  of  the  earth  itaelf,  and 
have  directed  attention  to  unsuapected  disturbing  causes,  impor- 
tant to  be  known* 

^*  Force  is  required  to  bend  motion. " 

If  a  body  moving  freely  cannot  vary  its  velocity  without  a  cause, 
neither  can  it  vary  its  course  without  a.cause  ;  and  free  motion, 
therefore,  is  straight  as  well  as  untform. 

A  ball  shot  directly  up  or  down  gives  men  their  simplest  idea 
of  straight  motion. 

A  bullet  or  arrow,  projected  horizontally,  is  gradually  drawn 
downwards  by  the  attraction  of  the  earth,  but  it  deviates  ^either 
to  the  right  hand  nor  to  the  left 

William  Tell,  trusting  to  the  natural  straightness  of  motion, 
obeyed  the  tyrant's  order,  and  shot  at  an  apple  placed  on  his 
child's  head* 

And  the  right  eye  of  Philip  of  Macedon  is  said  to  have  been 
destroyed  by  an  arrow  which  brought  a  label  on  it,  telling  its 
destination. 

Riflemen  hit  the  very  spot  on  the  target  which  they  choose  to 
aim  at 

A  stone  in  a  sling,  the  moment  it  is  set  at  liberty,  darts  offas 
Btraightly  as  an  airow,  or  a  bullet  from  a  gun-barrel,  and  it  is 
only  because  the  point  of  its  circle  from  which  it  should  depart 
cannot  in  practice  be  accurately  determined,  that  the  same  sure 
aim  cannot  be  taken  with  it 

A  body  moving  in  a  circle,  then,  or  curve,  is  constrained  ta 
do  what  is  contrary  to  its  inertia. 

A  person,  on  first  approaching  this  subject,  might  suppose 
that  a  body  which  for  a  time  has  been  made  to  move  in  a  circle, 
should  naturally  continue  to  do  so  when  set  at  liberty.  But  on 
reflecting  that  a  circle  may  be  considered  as  made  up  of  an  in- 
finite number  of  little  straight  lines,  and  that  the  body  moving 
in  it  has  its  motion  bent  at  every  step  of  the  progress,  the  Teason 
ia  seen  why  constant  force  becomes  necessary  to  keep  it  there, 
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and  just  equal  to  the  inertia  with  which  the  body  tends,  at  every 
point  of  the  circle,  to  pursue  the  straight  line,  called  a  tanf;ent> 
of  which  that  point,  as  seen  in  the  figure,  is  the  commencement 
The  force  required  to  keep  the  body  in  the 
bent  course  is  called  centripetaly  or  centres- 
seeking  force;  while  the  inertia  of  the  body, 
tending  outwards,  that  is  to  move  in  a  straight 
line,  is  called  the  centrifugal  or  centre-flying 
force. 

A  sling-cord  is  always  tight  while  the  stone  is  whirling:  and 
its  tension  is  of  course  the  measure,  both  of  the  centripetal  and 
eentrifiigal  force. 

Bodies  laid  on  a  table,  which  is  made  to  whirl  as  a  horizontal 
wheel,  are  quickly  thrown  off. 

In  a  corn-mill,  the  grain  being  admitted  between  the  stones 
through  an  opening  in  the  centre  of  the  upper  one)  is  then  kept 
turning  round  between  them,  and  is  always  tending  and  travell- 
ing outwards  until  it  escapes  as  flour  from  the  circumference. 

A  man,  if  he  lie  down  on  a  turning  millstone  with  his  head 
near  the  edge,  falb  asleep  or  dies  of  apoplexy,  from  the  new 
pressure  of  blood  on  the  brain. 

A  wet  mop,  or  bottle-brush,  made  to  turn  quickly  on  its  han- 
dle as  an  axis,  throws  the  water  off  in  all  directions  and  soon 
dries  itself. 

Sheep,  in  wet  weather,  thus  discharge  the  water  from  their 
fleeces  by  a  semi-rotatory  shake  of  the  skin.  Water  dogs,  on 
coming  to  land,  dry  themselves  by  the  same  action. 

A  tumbler  of  water,  placed  in  a  sling,  may  be  made  to  vibrate 
like  a  pendulum  with  gradually  increasing  oscillation,  and  at  last 
to  describe  the  whole  circle,  and  continue  revolving  about  the 
hand,  without  spilling  a  drop.  The  water,  by  its  inertia  of 
straightness,  or  centrifugal  force,  tends  more  away  from  the  cen* 
tre  of  motion  towards  the  bottom  of  the  tumbler,  even  when 
that  is  uppermost,  than  towards  the  earth  by  gravity. 

In  the  same  manner  as  solid  bodies  laid  on  a  whirling  table 
are  thrown  off,  so  water  in  a  vessel  which  is  made  to  spin  round 
in  any  way,  as  on  the  centre  of  a  horizontal  wheel,  instead  of 
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lying  at  the  bottom,  is  raised  up  all  rouad,  against  tlio  sides  <tf 
the  vessel. 

Water,  poured  obliquely  into  a  funnel,  runs  round  the  interior 
of  it,  and  often  leaves  an  open  passage  of  air  all  the  way  down* 
through  it,  as  if  there  were  merely  a  lining  of  water  to  the  fiin- 
nel.  The  centrifugal  force  of  the  turning  water,  is  a  chief  reason 
of  this  phenomenon.  Another  reason  will  be  considered  further 
on,  under  the  head  of  atmospheric  pressure. 

Great  whirlpools  at  sea,  and  smaller  ones,  or  eddies  in  rivers, 
occur  whenever  a  current  is  obliged  suddenly  to  bend,  as  in 
rounding  a  point  of  land  or  a  rock.  The  water,  by  tending  to 
continue  its  straight  motion,  falls  in  behind  Uie  obstrnction, 
reluctantly  as  it  were,  and  leaves  there  a  pit  surrounded  by  a 
liquid  revolving  ridge.  Charybdis  in  the  Mediterranean,  and 
the  great  whirlpool  off  the  Norwegian  coast,  are  noted  ex- 
amples. 

It  is  owing  to  the  centrifugal  force  in  any  bending  part  of  a 
stream  of  water,  that  when  a  bend  has  once  commenced,  it  in- 
creases, and  is  soon  followed  by  others,  until  that  complete  ser- 
pentine winding  is  produced,  which  characterizes  most  rivers  in 
their  course  across  extended  plains.  The  water  being  thrown 
by  any  cause  to  the  left  side,  for  instance,  wears  that  into  a  curve 
or  elbow,  and  acts  constantly  by  its  centrifugal  force  on  the  out- 
aide  of  the  bend,  untjl  rock  or  higher  land  resist  the  gradual  pro- 
gress ;  from  this  limit  being  thrown  back  again,  it  wears  a  similar 
bend  to  the  right,  and  after  that  another  to  the  left,  and  so 
on. 

Carriages  are  oft;en  overturned  in  quickly  rounding  comers. 
The  inertia  carries  the  body  of  the  vehicle  in  the  former  direc- 
tion, while  the  wheels  are  suddenly  pulled  round  by  the  horses 
into  a  new  one»  A  loaded  stage  coaeh  running  south,  and  turn- 
ed suddenly  to  the  east  or  west,  strews  its  passengers  on  the 
south  side  of  the  road.  Where  a  sharp  turning  in  a  carriage* 
road  is  unavoidable,  the  outside  of  the  bend  should  always  be 
made  hij^  than  the  insidei  to  prevent  such  aeeidentB* 

A  man  or  a  horse  turning  a  comer  at  qteed,  leans  much  in* 
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wards  or  towards  the  eomer,  to  counteract  the  centrifugal  force, 
that  would  throw  him  away  from  it 

In  skaiting  with  great  velocity,  this  leaning  inwards  at  the 
turnings  becomes  very  remarkable,  and  gives  occasion  to  the 
fine  variety  of  attitudes  displayed  by  the  e^qiert;  and  if  a  skaiter, 
in  running,  finds  his  body  incline  to  one  side,  and  in  danger  of 
falling,  he  merely  makes  his  skait  describe  a  slight  curve 
towards  that  side,  and  the  inertia  of  straightness,  or  centrifugal 
force  of  the  body,  refusing  as  it  were  to  follow  in  the  curve, 
restores  the  perpendicularity.  Skaiting  becomes  to  the  intelli-* 
gent  man  an  intellectual,  as  well  as  a  sensitive  or  bodily  treat, 
from  its  exemplifying  so  pleasingly  the  laws  of  motion. 

The  last  example  explains,  also,  why  a  hoop  rolled  along  the 
ground  goes  so  long  without  falling:  if  it  incline  to  one  side, 
threatening  to  faU,  by  ibsl  very  circumstance  its  course  is  bent 
to  that  side,  and  as  in  the  case  of  the  skaiter  who  turns  his  foot, 
the  supporting  base  is  again  brought  directly  under  the  mass  of 
the  body. 

A  coin  dropt  on  the  table  or  floor  often  exhibits  the  same 
phenomenon.  It  is  said  to  run  and  hide  itself  in  the  corner. 
Just  before  falling,  if  not  obstructed,  during  several  revolutions, 
its  base  or  touching  part  describes  an  increasing  spiral,  the  minute 
examination  of  which  is  a  pleasing  mathematical  exercise. 

The  reason  also  why  a  spinning  top  stands,  will  be  understood 
here.  While  the  top  is  perfectly  upright,  its  point,  being 
directly  under  its  centre,  supports  it  steadily,  and  although 
taming  so  rapidly,  has  no  tendency  to  move  from  the  place; 
but  if  the  top  incline  at  all,  the  side  of  the  peg,  instead  of  the 
very  point,  comes  in  contact  with  the  floor,  and  the  peg  then 
becomes  a  little  wheel  or  roller,  advancing  quickly,  and,  with 
its  touching  edge,  describing  a  curve  somewhat  as  a  skaiter  does, 
until  it  come  directly  under  the  body  of  the  top  as  before.  It 
thus  appears  that  the  very  (act  of  the  top  inclining,  causes  the 
point  to  shift  its  place,  and  so  that  it  eaftnot  rest  until  it  come 
again  directly  under  the  centre  of  the  top.  It  is  remarkable 
that  even  in  philosopbietl  treatises  of  authority  the  standing  of  a 
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top  is  still  vaguely  attributed  to  centrifiigal  force.  Hence 
some  persons  believe,  that  a  top  spinning  in  a  weighing  scale, 
would  be  found  lighter  than  when  at  rest;  and  many  most  er- 
roneously hold  that  the  centrifugal  force  of  the  whirling,  which 
of  course  acts  directly  away  from,  the  azis^  and  quite  equally  in 
all  directions,  yet  when  the  top  inclines,  becomes  greater  upwards 
than  downwards,  so  as  to  counteract  the  gravity  of  the  top.  The 
way  in  which  centrifugal  force  really  helps  to  maintain  the  spin- 
ning of  a  top  is,  that  when  the  body  inclines  or  begins  to  fall  in 
one  direction,  the  motion  in  that  direction  continues  until  the 
point  describing  its  curve  haa  forced  itself  under  the  body  again* 

By  reason  of  centrifugal  force  also,  it  is  easier  to  do  feats  of 
horsemanship  in  a  small  ring,  as  at  our  theatres,  than  if  the  ani- 
mal were  running  on  a  straight  road.  We  see  the  man  and  horse 
always  inclining  inwards,  to  counteract  centrifugal  force,  and  if 
the  rider  tend  to  fall  inwards,  he  has  merely  to  quicken  the  pace^ 
if  to  fail  outwards,  he  has  to  slacken  it,  and  all  is  righta  gain. 

If  a  pair  of  common  fire-tongs,  suspended  by  a  cord  from  the 
top,  be  made  to  turn  by  the  twisting  or  untwisting  of  the  cord, 
the  legs  will  separate  from  each  other  with  force  proportioned 
to  the  speed  of  rotation,  and  will  again  collapse  when  the  turn- 
ing ceases.  Mr.  Watt  adapted  this  fact  most  ingeniously  to  the 
regulation  of  the  speed  of  his  steam-engine.  His  steam-go^ 
vernor  may  in  truth  be  described  as.  a  pair  of  tongs  with  heavy 
balls  at  the  eads,  to  make  their  opening  more  energetic,  attach- 
ed to  some  turning  part  of  the  machine.  If  the  engine  move 
with  more  than  the  assigned  speed,  the  balls  open  or  fly  asun- 
der, and  by  a  simple  contrivance  are  made  to  move  a  valve 
which  contracts  the  steam  tube;,  on  the  contrary,  with  too  slow 
a  motion,  they  collapse  and  open  the  valve. 

A  half-formed  vessel  of  soft  clay,  placed  in  the  centre  of  the 
potter's  table, — which  is  made  to  whirls  and  is  called  his  wheels 
— ppfsns  out  or  widens  merely  by  the  centrifugal  force  of  its 
sides,  and  thus  assists  the  worker  in  giving  its  form. 

A  bail  of  soft  clay,  made  to  turn  quickly  by  a  spindle  fixed 
through  its  centre,  soon  ceases  to  be  a  perfect  balL    It  bulges 
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out  in  the  middle,  where  the  centrifiigal  force  i&  great,  and  be- 
comes flattened  towards  the  ends,  where  the  spindle  issues. 

This  is  exactly  what  has  happened  to  the  ball  of  our  earth. 
It  has  bulged  out  seventeen  miles  at  the  equator,  in  consequence 
of  its  daily  rotation,  and  is  flattened  at  the  poles  in  a  correpond- 
ing  degree. 

In  the  planets  Jupiter  and  Saturn,  of  which  die  rotation  is 
much  quicker  than  of  our  eiuih,  the  middle  or  equator  bulges 
out  still  more— ^yen  so  as  to.  ofiend  an  eye  which  expects  a  per- 
fect sphere. 

A  mass  of  lead  that  weighs  one  thousand  pounds  at  our  pole^ 
weighs  about  five  pounds  less  at  the  equator,  by  reason  of  the 
centrifugal  force. 

If  the  rotation  of  our  earth  were  seventeen  times  faster  than 
it  is,  the  bodies  or  matter  at  the  equator  would  have  centrifugal 
force  equal  to  their  gravity,  and  a  little  more  velocity  would 
cause  them  to  fly  ofi*  altogether,  or  to  rise  and  form  a  ring  round 
tiie  earth  like  that  which  surrounds  Saturn.  Saturn's  double 
ring  seems  to  have  been  formed  in  this  way,  and  is  now  sup- 
ported chiefly  by  the  centrifugal  force  of  the  parts.  Were  it  to 
crumble  to  pieces,  the  pieces  might  still  revolve,  as  so  many 
little  satellites.  His  true  satellites  are  only  more  distant  mas- 
ses sustained  in  the  same  manner.  Our  earth  and  the  other  pri- 
mary planets  have  the  same  relation  to  the  sun  that  these  satel- 
lites have  to  Saturn,  all  being  sustained  by  a  beautiful  balance 
between  centrifugal  force  and  gravity. 

**  T%e  quantity  of  motion^  in  a  body  measured  by  the  velo^ 
eity  and  quantity  of  matter.  ^^ 

li  a  single  atom  of  matter  were  ifioying  at  the  rate  of  one 
foot  per  second,  it  would  have  a  definite  quantity  of  motion  ex- 
pressed by  these  words;  and  if  it  were  moving  ten  feet  per  se- 
cond it  would  have  ten  times  the  quantity.  Again,  in  a  mass 
consisting  of  many  atoms,  the  quantity  of  motion  would  be  still 
as  much  greater,  as  there  were  more  atoms  in  it  than  one. 

By  experiment  it  is  found,  that  if  a  ball  of  soft  clay  of  one 

*  Hie  quantity  of  motion  in  a  body  if  eaUed  its  momentniD. 
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pounds  miflpended  by  a  cord  as  a  pendulum^  be  allowed  to  Mlf 
with  a  velocity  of  ten  feet  per  second^  against  a  quiesceiit  ball 
of  nine  pounds  suspended  in  the  same  way^  the  two,  after  con- 
taety  will  move  on  together  at  the  rate  of  one  foot  per  second, 
ihe  original  quantity  of  motion  being  then  diffused  through  ten 
times  the  quantity  of  matter,  and  tberefcHre  exhibiting  only  one^ 
tenth  of  the  velocity* 

A  cannon  ball  of  a  thousand  ounces,  moving  one  foot  per  se- 
cond, has  thus  the  same  quantity  of  motion  in  it  as  a  musket 
ball  of  one  ounce,  leaving  the  gun-barrel  with  a  velocity  of  a 
thousand  feet  in  the  second* 

"  The  quantity  of  motion  in  a  body  is  the  measure  of  the 
force  which  produced  it;^^ 

The  experiment  of  the  balls  of  clay  mentioned  above  ftirnish-> 
es  one  instance  of  this  truth.  Again,  a  body  falling  for  ten  se* 
conds,  acquires  ten  times  as  much  velocity  as  by  falling  for  one 
second,  its  motion  thus  measuring  the  force  of  gravity  which 
has  been  exited  upon  it 

When  a  large  body  or  mass  of  many  atoms  falls,  it  of  course 
has  as  much  more  motion  than  a  smaller  body,  as  there  are  more 
atoms  in  it  than  in  the  smaller:  but  as  gravity  acts  equally  on 
every  atom,  the  force  causing  either  body  to  fitll  is  still  exactiy 
indicated  by  the  quantity  of  motion  in  it 

A  large  body  or  a  mass  of  many  atoms  naturally  falls  with  the 
same  velocity  as  a  smaller  body  or  a  single  atom;  for  gravity 
pulls  equally  at  each  atom,  and  must  overcome  its  inertia  equal- 
ly, whether  it  be  alone  or  with  others. 

This  remark  contradicts  the  popular  opinion,  that  a  large  and 
heavy  body  should  fall  to  the  earth  much  faster  than  a  small  and 
light  one;  an  opinion  which  has  arisen  from  constantiy  seeing 
such  contrasts,  as  the  rapid  fall  of  a  gold  coin,  and  the  slow  de- 
scent  of  a  feather.  The  true  cause  of  the  contrast  is,  that  the 
atoms  of  the  feather  are  much  spread  out,  so  as  to  be  more  re- 
sisted by  the  air  than  those  of  the  gold.  If  the  two  be  let  fall 
together  in  a  vessel  from  which  the  air  has  been  extracted,  as  in 
the  common  air-pump  experiment,  they  arrive  at  tlie  bottom  in 


exftctlj  ^  aame  time:  and  even  in  tbe  air,  if  Ike  tsotn  be  ham- 
mered out  into  gold' leaf,  it  will  &U  atUl  more  aiaw\j  than  the 
feather.  One  briek  dropped  from  a  height,  reaches  tiie  etfth  as 
soon  as  tea  bricks  let  fall  near  it,  whether  they  be  oonnecled  ot 
aeparate — as  a  single  horse  may  reach  the  goal  as  soon  as  ten 
horses  j^loping  abreast 

When  a  large  and  a  small  ship  are  seen  sailing  with  the  same 
▼elocity,  the  surface  of  canvass  or  sail  which  they  spread  to 
oaleh  the  force  of  the  wind,  is  proportioned  to  the  difference  of 
resistance  which  the  water  offers  to  the  two. 

A  mail's  force  will  move  a  «aiall  skiff  quickly,  a  loaded  barge 
very  slowly,  and  a  large  ship  in  a  degree^scarcely  to  be  per- 
ceived. In  each  case,  however,  the  quantity  of  motion  may  be 
the  same,  and  a  true  measure  of  the  force  which  produced  it. 

A  musket  and  a  cannon  ball,  moving  with  the  same  velocity, 
indicate,  by  the  diff^^nt  quantities  of  motion  in  them,  the  dif- 
ferenee  of  the  forces  which  caused  their  motion — ^the  force  of  an 
ottnee  of  gunpowder  perhaps  in  the  eae  case,  and  of  pounds  in 
the  other. 

A  ball  of  one  pound  weight,  impelled  by  a  given  force,  moves 
twice  as  fast  as  a  ball  of  two  pounds  impelled  by  the  same ;  yet, 
although  the  velocities  age  diferent,  the  quantities  of  motion,  as 
ascertained  by  the  rule  already  given,  are  equal,  and  indicate  an 
equality  of  producing  force, 

"  and  of  the  force  or  momentum  which  it  can  exhibit  again.^^ 
{See  the  analysis^  page  45.) 

Bodies  may  be  regarded  as  reservoirs  of  f<xrce  or  mottOB, 
always  ready  to  return  as  much  as  they  have  received.  Mo- 
mentum  is  the  name  given  to  the  motion  in  a  body,  with  refer- 
ence to  the  production  by  it  of  new  motions  or  the  overcoming 
of  resistances^  and  is  but  another  term  for  the  quantity  qf  mo^ 
turn. 

A  cannon  ball,  aec(Nrding  to  the  quantity  of  motion  in  it,  may 
have  oniy  the  force  or  momentum  that  w91  bruise  a  piank,  or  it 
may  have  oaough  to  penetrate  a  tree,  or  even  to  shoot  its  rapid 
way  through  a  block  of  the  hardest  stone. 
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A  small  block  of  wood^  floating  against  a  man's  leg  with 
moderate  velocity,  would  hardly  be  felt ;  but  a  loaded  barge, 
coming  at  the  same  rate,  and  pressing  it  against  the  quay,  might 
break  the  bones  ;  a  large  ship,  approaching  with  this  speed, 
would  crush  his  body  against  any  fixed  obstacle ;  and  an  island 
of  ice,  opposed  in  its  approach  to  another,  even  by  a  fiivt-rate 
man  of  war,  would  destroy  this  as  meeting  barges  destroy  a  float- 
ing egg-shell. 

A  hail-stone  falling,  strikes  rudely  ;  a  stone  rolled  from  a 
height,  as  of  old,  by  the  besieged  against  besiegers,  may  carry 
death  with  it  to  many  ;  an  avalanche,  breaking  from  its  hold  on 
a  mountain  steep,  niay  sweep  away  a  village. 

To  meeting  bodies  the  shock  is  the  same,  whether  the  motion 
be  shared  between  them  or  be  all  in  one. 

If  a  running  man  come  against  a  man  who  is  standing,  both 
receive  a  certain  shock.  If  both  be  running  at  the  same  rate  ia 
opposite  directions,  the  shock  is  doubled.  .  In  some  such  cases, 
as  where  swift  skaiters  have  met,  the  shock  has  proved  fatal. 

A  man's  skull  is  fractured  as  certainly  by  its  being  dashed 
against  a  tree  while  he  is  on  a  galloping  horse,  as  by  the  blow 
of  a  lance  or  beam  shot  at  him  with  the  velocity  of  the  horse. 

The  meeting  fists  of  boxers  not  unfrequently  dislocate  or 
break  bones. 

When  two  ships  in  opposite  courses  meet  at  sea,  although 
each  may  be  sailing  at  a  moderate  rate,  the  destruction  is  often 
as  complete  to  both,  as  if  with  a  double  velocity  they  had  struck 
on  a  rock.  Many  melancholy  instances  of  this  kind  are  on  re- 
cord. In  the  darkness  of  night  a  large  ship  has  met  one  small- 
er and  weaker,  and,  in  the  lapse  of  a  few  seconds,  have  follow- 
ed the  shock  of  the  encounter,  the  scream  of  the  surprised 
victims,  and  the  horrible  silence  when  the  waves  again  closed 
over  them  and  their  vessel  for  ever. — ^In  November,  1885, 
on  the  coast  of  Scotland,  the  Comet  steam-boat  was  thus  de- 
stroyed, and  carried  to  the  bottom  with  her  about  seventy  pas- 
sengers, into  whose  ears  the  rushing  water  entered  before  the 
sounds  of  arrested  music  and  joy  had  died  away. 
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''  Direction  of  t  lie  force  or  forces  producing  motion/' 

When  only  one  force  acts  on  a  body,  the  body  obeys  in  the 
exact  direction  of  the  force. 

A  ball  Hoating  in  water,  or  lying  on  smooth  ice,  is  driven 
exactly  south  by  a  wind  blowing  to  the  south.  A  bullet  issues 
from  the  mouth  of  a  cannon,  in  the  direction  of  the  axis  of  the 
eannon — which  is,  as  the  force  impels  it« 

When  two  or  more  forces  act  upon  a  body  at  the  same  time,  as 
it  cannot  move  two  ways  at  once,  it  holds  a  middle  course 
between  the  directions  of  the  separate  forces.  This  course  is 
called  the  resulting  direction^  viz.  resulting  from  the  cofn- 
position  of  the  forces. 

A  ball  or  ship  moving  south  by  a  direct  wind,  may,  at  the 
same  time,  be  carried  east,  just  as  fast,  by  a  tide  or  current 
moving  east:  every  instant,  therefore,  it  will  go  a  little  south 
and  a  little  eastf  and  really  will  describe  a  middle  line  pointing 
south-east. 

These  particulars  may  be  well  represented  on  paper,  as  by  fig. 
1:  where 


Fig.  1. 


b  is  the  original  place  of  the  ball  or  ship,  t  the  east,  s  the  south, 
and  b  a  the  middle  line  pointing  to  the  south-east,  and  showing 
the  true  course  of  the  vessel.  This  figure  is  called  the  parallelo- 
gram of  forces  J  and  is  an  important  help  to  the  understanding 
of  many  facts  in  natural  philosophy.  The  minute  investigation 
of  the  subject  belongs  to  the  science  of  measuresy  or  technical 
mathematics;  but  the  genersil  truths  are  quite  intelligible  to  com- 
mon sense,  and  the  mathematics  of  common  experience. 

When  two  forces  act  upon  a  body,  like  the  wind  and  tide  in 
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the  last  example^  the  result  is  the  same,  whether  they  act  together 
or  one  after  the  other.  For  instaDce,  if  the  wind  drive  a  vessel 
one  mile  south,  as  from  b  to  s^  fig.  1,  and  immediately  after- 
wards the  tide  drive  it  one  mile  east,  as  from  ^  to  a,  the  vessel 
will  be  in  the  same  place  at  last,  viz.  at,  a,  as  if  she  had  been 
driven  at  once  south-east,  in  the  line  &,  a,  by  the  simultaneous 
action  of  the  two.  Therefore  by  drawing  the  lines  b  s  and  b  e 
to  represent  the  force  and  direction  of  the  two  causes  of  motion, 
and  by  then  adding  one  of  them,  or  an  equivalent,  to  the  end 
of  the  other,  as  «  a  to  d  «,  or  e  a  to  &  e,  the  square  or  parallelo- 
gram is  sketched,  of  which  the  middle  line,  or  diagonal^  as  it  is 
called,  shows  the  resulting  direction  of  the  forces,  and  the  true 
course  of  the  body  obeying  them. 

What  is  thus  true  of  the  effect  of  continued  forces  like  wind 
and  tide,  is  true  also  of  momentary  impulses,  like  the  blows  of 
clubs  simultaneously  striking  a  ball,  or  of  two  billiard  balls 
striking  a  third.* 

When  the  forces  exactly  cross  each  other,  and  are  equal,  as 
in  the  case  of  the  ship  above  supposed,  the  figure  becomes  a 
square,  as  at  fig.  1 ;  but  if  one  of  the  forces  be  greater  than  the 
other  the  figure  becomes  oblong,  as  at  fig.  2)  if  the  forces  cross 
obliquely,  the  figure  becomes  as  at  fig.  3; 


Fig'  3. 


"^ 


and  if  they  cross  in  an  opposing  direction,  it  will  be  as  at  fig.  4. 
In  all  the  cases,  however,  the  diagonal  still  shows  the  result. 
It  is  evident  that  the  same  line  may  be  the  diagonal  of  many  fi- 
gures, as  seen  at  fig.  5;  and  therefore,  that  very  different  degrees 
and  directions  of  combined  forces  may  produce  the  same  result. 
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Fig.  6.         S 


In  all  cases  where  the  two  forces  are  equal,  with  whatever  ob* 
liquity  they  cross  each  other,  the  resulting  direction  must  be 
mid-way  between  them. — Thus  a  boat  impelled  by  oars,  goes 
straight,  although  the  action  of  the  oars  is  rarely  direct;  because 
the  changing  obliquity  of  the  force  is  always  the  same  on  both 
sides. -^This  explains  also  why  a  bird  flying,  or  a  man  swim- 
ming, holds  a  perfectly  straight  course,  although  in  both  cases 
the  direction  of  the  impelling  forces  is  constantly  varying.— « 
And  it  explains  why  a  body  suspended,  as  a  plummet,  or  falling 
to  the  earth,  as  an  apple  does  from  a  tree,  is  always  in  a  line  to* 
Wards  the  centre  of  the  earth:  for,  while  the  part  of  the  earth 
immediately  under  the  body  is  pulling  it  straight  down  to  the 
centre,  the  action  of  parts  on  any  one  side  of  the  perpendicular 
^b  is  exactly  counterbalanced  by  the  action  of  corres- 
ponding parts  on  the  opposite  side;  and  the  perpen- 
dicular is  still  the  diagonal  or  middle  line  of  every 
pair  of  attracting  parts.  In  this  figure  a  b  repre- 
sents the  common  diagonal.  In  speaking  of  the 
attraction  of  our  earth,  therefore,  which  really  is  the  united  at- 
traction of  all  the  individual  atoms,  we  may  always  consider  it 
as  a  single  force  acting  towards  the  centre  of  the  earth. 

When  a  body  is  carried  below  the  surface  of  the  earth  its 
weight  becomes  less,  because  the  matter  then  above  it  is  draw- 
ing it  up,  instead  of  down,  as  before.  A  descent  of  a  few  hun- 
dred feet  makes  a  sensible  difference,  and  at  the  centre  of  the 
earth,  if  man  could  reach  it,  he  would  find  things  to  have  no 
weight  at  all;  and  there  would  be  neither  up  nor  down,  be- 
cause bodies  would  be  attracted  equally  in  all  directions. 

Forces  crossing  each  other  so  obliquely  as  to  be  represented 
by  lines  drawn  in  almost  opposite  directions,  would  form  a 
parallelogram  having  scarcely  any  breadth,  that  is  to  say,  the 
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diagonal  would  approach  to  nothing;  showing  thus^  that  opposing 
forces  neutralize  or  destroy  each  other.  In  fig.  4,  by  reason  of 
this  crossing,  the  resultant  is  less  than  either  of  the  consti- 
tuents. 

For  the  same  reason,  when  forces  cross  so  acutely  as  to  ad- 
vance nearly  parallel  to  each  other^  the  resultant  is  longer  thaa 
either.  (Fig.  3») 

When  more  than  two  forces  act  on  a  body,  the  resulting  di- 
rection may  be  found,  first  of  two,  and  then  of  the  last  resultant, 
with  each  of  the  others  successively  : — or  the  forces  may  be  re- 
presented on  paper  by  lines  tacked  together,  of  which  ona  de- 
notes tlie  strength  and  direction  of  each  ;  the  extremity  of  the 
last  line  will  mark  the  place  of  the  iiody  after  being  acted  upon 
by  the  combined  forces.  A  sailor,  to  know  the  true  place  of 
his  ship  and  the  course  which  she  has  steered,  considers,  first, 
the  forward  progress  as  found  by  the  log,  then  the  leeway  or 
sideward  motion  produced  by  a  cross  wind,  and  then  the  efiect 
of  any  tide  or  current  in  which  he  may  be  sailing. 

Resolution  of  Forces  is  a  phrase  pointing  to  another  important 
use  of  such  parallelograms  or  figures  as  have  just  been  descri- 
bed, viz.  the  enabling  us,  when  any  force  or  motion  is  given, 
to  find  the  forces  in  any  other  directions  of  which  it  may  be 
the  resultanty  and  the  forces  into  which  it  may  be  again 
resolved. 

If  a  line  be  given  representing  a  single 
force,  or  result  of  forces,  as  b  a,  and  if  it  be 
desired  to  know  how  much  force  there  is 
in  this  resultant  capable  of  acting  in  another 
direction,  as  b  c,  and  in  another  23b  d)  it 
is  only  necessary  to  draw  lines  in  these  di- 
rections, from  the  commencement  of  b  a, 
and  to  cut  such  lines  by  others  drawn  directly  upon  them — or 
at  right  angles  to  them,  as  it  is  termed — ^from  the  other  end  : 
the  lengths  of  b  c,  and  6  e/,  so  cut  ofi*,  viz.  b  e,  and  b  s,  show 
the  proportions  required. 

It  is  thus  that  a  sailor,  who  knows  how  ftir  he  has  sailed  in  a 
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psffticdlar  direetioDy  finds  out  how  much  he  has  gone  north  and 
east,  or  south  and  west ;  in  other  words,  finds  out  the  difference 
of  latitude  and  longitude  between  his  present  place  and  a  former 
one. 

Thus  again,  if  a  ball  b  strike  a  tabloi 
a  ty  wfth  velocity,  direction,  and  force, 
each  of  which  is  represented  by  the 
line  be  ;  and  if  the  ball  be  supposed  af- 
terwards with  the  same  velocity  to  ap- 
proach the  table  in  the  oblique  direc- 
^  ^  tion  e  c,  it  will  then  strike  with  as  . 

much  less  force  than  before,  as  the  line  e  a  is  shorter  than  e  c. 
For  e  a  is  found,  according  to  the  rule  for  decomposing  a  force, 
given  above  ;  and,  to  common  sense,  it  is  obvious,  that  if  the 
whole  velocity  of  the  ball  be  represented  by  ^  c  the  directly 
downward  or  falling  velocity  towards  the  table  is  marked  by  the 
line  e  a. 

Thb  last  figure  explains  the  important  cases  of  the  force  of 
wind  on  ships'  sails,  and  on  windmill  vanes;  and  the  force  of 
water  on  float-boards,  and  on  water-wheels,  &c. ;  showing  that 
the  force  of  the  moving  body  on  the  flat  surface  is  not  proper-- 
tioned  to  the  speed  with  which  the  body  may  be  passing  along; 
near  the  surface,  but  to  the  rate  of  perpendicular  approxima- 
tion. 

"  The  two  great  /orces  of  Nature  are  Attraction  and  Re^ 
PULSION.^  {Read  the  analysis.) 

A  person,  on  first  approaching  this  subject,  is  far  from  sup- 
posing that  the  beautiful  and  endless  variety  of  phenomena  ex- 
hibited in  the  universe  around,  are  all  referable  to  the  two  prin*. 
ciples,  attraction  and  repulsion,  examined  in  the  first  section  : 
but  such  is  the  truth.^It  will  first  be  shown  here,  how  the  great 
classes  of  accelerated,  retarded,  and  bent  motions  arise  from 
them. 

•Attraction. — ^Until  Newton  said  that  what  we  call  weight  of 
bodies  is  merely  an  instance  of  that  universal  attraction  of  mat- 
ter which  diminishes  with  increasing  distance,  it  was  never  sus- 
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pected  that  weight  was  less^  high  up  in  the  air  than  on  the 
ground;  or  on  a  lofty  mountain  than  on  the  aea-ahore.  But  thia 
we  now  know  to  be  the  ease.  However,  in  studying  what 
goes  on  in  obedience  to  gravity  near  the  surface  of  the  earth,  ex- 
cept in  a  few  very  nice  cases,  gravity  may  be  considered  as  a 
uniform  power.  Man  has  neither  approached  the  centre  of  the 
earth  in  mines,  nor  receded  from  it  in  balloons,  by  more  than 
about  a  thousandth  part  of  his  distance  from  it;  and  as  weight 
has  a  certain  relation  to  the  distance  from  the  centre,  a  delicate 
test  was  required  to  discover  any  diflference. 

^^ •Scceleraied  motion^  from  gravity.^* 

Owing  to  the  inertia  of  matter,  any  force  continuing  to  act 
on  a  mass  which  is  free  to  obey  it,  produces  in  the  mass  a  quick- 
ening or  accelerated  motion:  for  as  the  motion  given  in  the  first 
instant,  continues  afterwards  without  any  farther  force,  merely 
on  account  of  the  inertia,  it  follows  that  as  much  more  motion 
is  added  during  the  second  instant,  and  as  much  again  during 
the  third,  and  so  on.  A  falling  body,  therefore,  under  the  in- 
fluence of  attraction,  is  as  it  were  a  reservoir,  receiving  every 
instant  fresh  velocity  and  momentum. 

It  is  said  that  Newton's  sublime  genius  read  the  nature  of  at- 
traction in  the  simple  incident  of  an  apple  foiling  before  him 
from  a  lofty  branch  in  his  garden. 

The  eye  which  perceives  an  apple  beginning  to  fall,  can  fol- 
low it  for  a  time  and  mark  the  gradual  acceleration  of  its  de- 
scent, but  soon  sees  its  path  only  as  a  shadowy  line. 

A  boy  letting  a  ball  drop  from  his  hand,  can  catch  it  again  in 
the  first  instant,  but  after  a  little  delay  his  hand  pursues  it  in 
vain. 

A  fragment  of  rock,  detached  from  the  brow  of  a  hill  by  the 
lightning  stroke,  begins  its  motion  slowly;  but  once  fairly 
launched,  it  gathers  fresh  speed  and  momentum  with  every  in- 
stant, and  bounds  from  steep  to  steep  sweeping  every  obstacle 
before  it 

Any  liquid  falling  from  a  reservoir,  forms  a  decending  mass 
or  stream  of  which  the  bulk  diminishes  from  above  downwards. 
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in  the  same  proportion  in  which  the  velocity  increases.  This 
truth  is  well  exemplified  by  the  pouring  out  of  molasses  or  thick 
syrup:  if  the  height  of  the  fall  be  considerable,  the  bulky  mass, 
which  first  escapes,  is  reduced,  before  it  reaches  the  bottom,  to 
a  small  thread;  but  the  thread  is  moving  with  proportionate 
speed,  for  it  fills  the  receiving  vessel  with  singular  rapidity.  |  ( 
The  same  truth  is  exhibited  on  a  mighty  scale  in  the  Falls  of 
Niagara;  where  the  broad  river  is  seen,  first  bending  over  the 
precipice  a  vast  slow  moving  mass,  then  becoming  a  thinner  and 
a  thinner  sheet,  until  it  flashes  into  the  deep  below,  almost  with 
the  velocity  of  lightning. 

When  velocity  becomes  considerable  in  any  case  of  fidling, 
it  cannot  be  measured  accurately  by  the  eye,  but  its  effects  as- 
certain it  A  man  leaps  from  a  chair  with  impunity,  from  a 
table  with  a  shock,  from  a  high  window  with  fracture  of  his 
bones,  and  in  falling  from  a  balloon  his  body  is  literally  dashed 
to  pieces. 

The  force  of  gravity  or  general  attraction  is  such  at  the  surface 
of  this  earth,  that  in  one  second  of  time,  it  gives  to  a  body  al- 
lowed to  fall,  a  velocity  which,  remaining  uniform,  would 
carry  it,  without  farther  action  of  gravity,  through  33  feet  in 
the  next  second.  As  this  velocity  is  gradually  acquired,  how- 
ever, the  body  has  only  half  of  it  at  the  half-second,  and  as  much 
less  than  half  before  that  time,  as  it  has  more  than  half  after- 
wards; so  that  it  really  falls  through  only  half  of  the  32,  viz. 
16  feet  in  the  first  second.  In  the  next  second,  it  fiedls  of  course 
through  the  whole  32  feet,  with  16  additional,  from  the  new 
action  of  gravity,  in  all,  three  times  as  much  as  in  the  first  se- 
cond; aqd  in  two  seconds,  therefore,  it  falls  altogether  four  times 
as  far  as  in  one  second.  At  the  end  of  two  seconds  the  velocity 
is  doubled,  or  is  64  feet  per  second,  so  that  In  the  third  second  the 
body  falls  64,  and  other  new  16,  in  all,  five  times  as  much  as  in 
the  first  second:  and  in  three  seconds,  therefore,  it  has  descended 
nine  times  as  far  as  in  one  second,  &c.  Knowing  this  progress, 
the  velocity  acquired  by  a  falling  body,  and  the  distance  throu^ 
which  it  falls,  in  any  given  time,  are  easily  accertained;  and  the 
height  of  a  precipice;  or  the  depth  of  a  well,  may  be  judged  of 
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witb  considerable  accuracy,  by  marking  the  time  required  for 
a  body  to  fair  through  the  space. 

The  'doctrines  of  falling  bodies  are  of  such  importance  in  the 
minute  examination  of  many  of  the  phenomena  of  nature,  that 
much  attention  has  been  bestowed  upon  them.  Mr.  Atwood'a 
ingenious  contrivance  by  which  the  motion  of  falling  bodiefrmay 
be  retarded  in  any  desired  degree,  without  the  character  of  the 
motion  being  otherwise  altered,  has  enabled  experimenters  to 
render  evident  to  the  senses  all  that  abstract  calculation  had  an- 
ticipated. A  pound  weight,  left  quite  free,  falls  towards  the 
ground,  sixteen  feet  in  Ihe  first  second,  proving  that  attraction 
ofone  pound  is  just  sufficient  to  overcome  the  inertia  oton^ 
pound  at  that  rate.  But  if  the  inertia  were  doubled,  or  tripled, 
or  increased  in  any  other  degree,  the  fall  of  course  tvould  be 
just  so  much  slower.  Now  Mr.  Atwood^s  machine  in  effect  in- 
creases it,  by  causing  falling  weights  to  overcome  not  only  their 
own  inertia,  but  also  that  of  other  weights. 


Thus,  a  and  b,  being  weights  of  two  pounds  each, 

balancing  each  other  over  the  pulley  r,  are  moved  by 

a  weight  of  one  pound,  rf,  hooked  to  one  of  them  ;  and 

gravity  in  pulling  this  down,  with  force  of  one  pound, 

has  to  overcome,  not  the  inertia  of  one  pound,  but  of 

pto  fbi     ^^^?  'or  the  other  two  weights  must  move  as  fast 

LJ  LJw  as  the  one  pound  does  ;  and  thus,  the  velocity  being 

UA         reduced  to  one-fifth  of  what  is  natural  to  a  falling 

body,  the  descent  can  be  minutely  observed.     The  experiments 

with  Atwood's  machine  may  be  varied  exceedingly,  and  they 

are  most  interesting. 

"  Retarded  Motion^^*  from  gravity. 

What  has  been  saiJ  of  the  changing  vdocity  of  a  falling  body, 
from  gravity,  is  exactly  true,  in  a  reversed  way,  of  a  rising 
body  exposed  to  its  influence. 

A  bullet  shot  directly  upwards,  every  instant  loses  a  part  of 
its  velocity,  until  at  last  it  comes  to  rest  in  the  sky,— where  a 
soaring  eagle  might  see  the  messenger  of  death  motionless  and 
harmless  for  a  moment  by  his  side :— the  ball  then  descends 
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again,  and  90  that,  at  correqioadiiig  points  of  the  ascent  and  de* 
scent,  but  for  the  resistance  of  the  air,  the  velocities  would  be 
equal ;  and,  on  reaching  the  ground,  the  body  would  hare  ac- 
quired exactly  the  velocity  with  which  it  first  departed. 

It  is  shown  in  a  preceding  paragraph,  that  a  body  ialls  four 
tiroes  as  far  in  two  seconds  as  in  one,  although  the  velocity  at 
the  end  of  two  seconds  is  only  doubled.  For  the  same  reason, 
a  body  shot  upwards  with  double  velocity,  rises  four  times  as 
far  as  if  shot  with  a  single  velocity;  if  with  triple  velocity,  it 
rises  nine  times  as  far,  and  so  forth. 

In  aiming  for  amusement  at  bodies  thrown  up  into  the  air,  it 
is  easy  to  hit  them  near  their  point  of  turning,  and  more  diflScuU 
always  as  they  are  nearer  to  the  ground,  whether  rising  or 
falling. 

An  upward  Jet  of  water  is  small  below,  where  it  issues  from  I  / 
the  pipe  with  great  velocity,  but  it  becomes  more  bulky  as  the 
water  loses  velocity  in  ascending,  and  at  the  top,  it  often  spreads 
a  little  like  a  palm  tree,  and  any  light  round  solid  will  continue 
supported  and  playing  upon  its  summit 

The  rise  of  a  pendulum  from  the  bottom  of  its  arc,  is  an  exact 
copy,  reversed,  of  its  previous  descent  to  that  point. 

9 
Tht  Pendulum 

exemplifies  well  both  accelerated  and  retarded  motion.  The 
name  is  applicable  to  any  body  so  suspended  that  it  may  swing 
freely  backwards  and  forwards.  When  such  a  body  is  made  of 
certain  form  and  length,  although  so  simple,  it  is  one  of  the  most 
admirable  contrivances  of  man's  ingenuity. 

Galileo  having  observed  the  hanging  chandeliers  of  lofty 
eeilings  to  continue  vibrating  long  and  widi  singular  uniformity, 
after  any  accidental  cause  of  disturbance,  was  led  to  investigate 
the  laws  of  the  phenomenon;  and  out  of  what,  in  some  shape  or 
other,  had  been  before  men's  eyes  from  the  beginning  of  the 
world,  his  powerful  genius  extracted  the  most  important  results. 
Independently  of  the  light  which  the  theory  pf  the  pendulum 
has  thrown  on  various  branches  of  physics,  the  instrument 
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itself,  witii  a  few  wheels  attached,  to  record  its  vibrations,  has 
now  become  the  perfect  time-keeper,  regulating  the  actions  and 
afiairs  of  men. 

A  common  pendulum  consists  of 
a  ball,  as  a,  suspended  by  a  rod 
from  a  fixed  point,  as  &,  and  made 
to  swing  backwards  and  forwards, 
or  to  vibrate,  under  tliis  point 
Being  raised  to  c,  and  then  set  at 
liberty,  it  falls  back  to  a  with  an 
accelerating  motion  like  a  ball  rolling  down  a  slope,  and  when 
arrived  there,  it  has  just  acquired  momentum  enough  to  carry  it 
to  df  at  an  equal  elevation  on  the  other  side;  from  this  it  falls  back 
again,  again  to  rise,  and  would  so  go  on  for  ever,  but  for  the 
impediments  of  air  and  friction. — The  pendulum  is  strictly  an 
object  of  mathematical  study,  but  we  shall  attempt  to  give  a 
general  idea  of  its  important  characteristics  in  common  language. 
1.  The  times  of  the  vibrations  of  a  pendulum  are  very 
nearly  equal,  whether  it  be  moving  much  or  little,  that  is  to  say, 
whether  the  arc  described  by  it  be  large  or  small.  This  re- 
markable property  is  what  makes  it  a  time-keeper.  The  reason 
that  a  large  vibration  is  performed  in  the  same  time  as  a  small 
one,  in  other  words,  that  the  pendulum  always  moves  faster  in 
proportion  as  its  journey  is  longer — ^is,  that  in  proportion  as  the 
arc  described  is  more  extended,  the  steeper  are  its  beginning 
and  ending,  and  the  more  rapidly,  therefore,  the  pendulum  falls 
down  at  first,  sweeps  along  the  intermediate  space,  and  stops  at 
last  It  its  evident,  for  instance,  that  the  portion  c  e  of  the 
arc  is  much  more  steep  then  the  equal  portion  e  a. — ^A  pen- 
dulum made  to  vibrate  in  the  curve  called  a  cycloid,  which 
towards  the  extremities  of  a  large  arc  differs  a  little  from  the 
circle,  but  very  nearly  coincides  in  the  central  part,  has  its  beats 
perfectly  isochronous^  or  in  equal  times,  under  all  circumstances. 
A  common  clock  is  merely  a  pendulum,  with  wheel-work 
Attached  to  it,  to  record  the  numbco*  of  the  vibrations,  and  with 
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a  weight  or  spring  haviDg  force  enough  to  counteract  the  retard- 
ing effects  of  friction  and  the  resistance  of  the  air.  The  wheels 
show  how  many  swings  or  beats  of  the  pendulum  have  taken 
place^  because  at  every  beat^  a  tooth  of  the  last  wheel  is  allowed 
to  pass.  Now  if  this  wheel  has  sixty  teeth,  as  is  common,  it 
will  just  turn  round  once  for  sixty  beats  of  the  pendulum,  or 
seconds,  and  a  hand  fixed  on  its  axis  projecting  through  the  dial- 
plate,  will  be  the  second  hand  of  the  clock.  The  other  wheels 
are  so  connected  with  this  first,  and  the  numbers  of  teeth  on 
them  so  proportioned,  that  one  turns  sixty  times  slower  than 
the  first,  to  fit  its  axis  to  carry  a  minute  hand,  and  another  by 
moving  twelve  times  slower  still,  is  fitted  to  carry  an  hour  hand. 
2.  The  length  of  a  pendulum  influences  the  time  of  its  vi- 
bration. 

Long  pendulums  vibrate  more  slowly  than 
short  ones,  because,  in  corresponding  arcs 
or  paths,  the  long  pendulum  has  a  greater 
journey  to  perform,  without  having  a  steep- 
er line  of  descent.  If  a  pendulum  b  ahc 
twice  as  long  as  another  b  e,  it  has  twice  as 
much  to  (M  in  its  descending  arc  c  a,  as  the 
other  in  its  arc  d  e,  while  in  corresponding 
parts  of  the  two  paths,  the  slope  or  inclination 
is  always  equal:— the  ball  of  the  long  pendulum  may  be  consi- 
dered as  having  rolled  twice  as  for  down  a  given  slope  as 
the  ball  of  the  short  pendulum.  Now  as  a  body  falls  four 
tiroes  as  far,  either  directly  or  on  any  uniform  slope,  in  two  se- 
conds as  in  one  (see  page  104,)  a  pendulum  must  be  four  times  as 
long,  to  beat  once  in  two  seconds,  as  to  beat  every  second. 
A  pendulum  of  a  little  more  than  thirty-nine  inches,  beats  se- 
conds; one  of  four  times  that  length  is  required  to  beat  double 
seconds,  and  one  of  one-fourth  the  length  to  beat  half  seconds. 
As  the  smallest  change  in  the  length  of  a  pendulum  alters  the 
rate  of  going  of  the  clock,  a  pendulum  which  beats  seconds  con- 
stitutes an  easily  found  and  correct  standard  of  measure.  To 
counteract  the  dilatation  or  contraction  of  pendulums  from  the 
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changing  heat  of  the  seasons,  various  ingenious  cohtrivances 
have  arisen.  One  of  the  best  of  these  is  tike  gridiron  pendu^ 
lunif  as  it  is  called,  from  consisting  of  various  rods  of 
metal.  It  renders  the  different  dilatability  by  heat  of 
two  metals  composing  it,  the  cause  of  unchanged 
length  in  the  whole.  The  adjoining  sketch  may  show 
that  if  the  central  rod  of  brass  (here  represented  by  a 
strong  line  from  b  to  c)  dilate  just  as  much  as  the  two 
rods  of  steel  on  either  side  of  it  (the  expansion  of  brass 
by  heat  being  about  double  that  of  steely)  it  will  ex- 
actly counteract  the  lengthening  of  these,  and  will 
keep  the  ball  d  always  at  the  same  distance  from  the 
point  of  suspension  a. 

Common  clocks  are  regulated  by  a  screw  which  lifts  or  lets 
down  the  ball  of  the  pendulum,  and  so  changes  the  effective 
length,  which  is  tlie  distance  between  the  point  of  suspension 
and  what  is  called  the  centre  qf  oscillation^  treated  of  in  the 
next  chapter. 

3.  The/brce  of  gravity,  of  course,  is  what  determines  how 
long  the  pendulum  shall  be  in  falling  to  the  bottom  of  its  arc, 
and  how  long  in  rising,  for  the  ball  of  the  pendulum,  as  already 
stated,  may  be  considered  as  a  body  descending  by  its  weight 
on  a  slope;  a  change  in  the  force  of  gravity,  therefore,  would  at 
once  alter  the  rate  of  all  the  clocks  on  earth.  Accordingly,  at 
the  equator  of  our  earth,  where  the  gravity  of  bodies  is  coun- 
teracted in  a  small  degree  by  the  centrifugal  force  ariaing  from 
the  earth's  motion  (as  eiqplained  at  page  93,)  a  pendulum  vi- 
brates more  slowly  than  elsewhere,  and  must  be  made  riiorter 
to  answer  its  purpose. 

Some  astronomical  clocks  in  the  present  day  are  so  perfect, 
that  they  do  not  err  one  beat  of  the  pendulum  in  a  year. 

There  is  a  small  pendulum  called  a  metronome^  used  by  mu- 
sicians for  marking  time  ;  which,  although  very  short,  may  fltill 
be  made  to  beat  whole  seconds,  or  even  longer  intervals.     The 
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reason  of  its  slow  motion  is,  that  its  rod  is  prolonged  beyond  its 
astis  of  support,  at  a,  upwards,  to  6,  and  has  a  ball  upon  the  top, 
at  A,  as  well  as  on  the  bottom,  at  c  ;  which  upper 
^x-O^  ball  prevents  the  under  one  £rom  moving  so  &st 
as  it  otherwise  would,  just  as  a  small  weight  at- 
tached to  one  end  of  a  weighing  beam,  prevents 
a  greater  wdght  attached  to  the  other  end  from 
ffldling  so  fast  as  it  would  if  there  were  no  coun* 
terpoise.  The  rate  of  motion  changes  with 
v^^i^^^^  every  change  in  the  distance  of  the  ball  b  from 
^Y^  ^®  centre  of  motion  a  ;  and  the  ball  b  is  made 
to  slide. 
A  pocket-watch  differs  from  a  dock,  in  having  a  vibrating 
wheel  instead  of  a  vibrating  pendulum  ;  and  as,  in  a  clock,  grav- 
ity is  aiwajrs  pulling  the  pendulum  down  to  the  bottom  of  its  arc, 
which  is  its  natural  place  of  rest,  but  does  not  fix  it  there,  because 
the  momentum  acquired  during  its  fall  from  one  side,  carries  it 
up  to  an  equal  height  on  the  other — so  in  a  watch,  a  sprmg  gen- 
erally spiral,  surrounding  the  axis  of  the  balance-wheel,  is  always 
pulling  tills  towards  a  middle  position  of  rest,  but  does  not  fix  it 
there,  because  the  momentum  acquired  during  its  approach  to 
the  middle  position,  from  either  side,  carries  it  just  as  far  past 
on  the  other  side,  and  the  spring  has  to  begin  its  work  again* 
The  balance-wheel  at  each  vibration  allows  one  tooth  of  the  ad* 
joining  wheel  to  pass,  as  the  pendulum  does  in  a  clock,  and  the 
record  of  the  beats  is  perserved  by  the  wheels  which  follow,  as 
already  explained  for  the  clock.  A  main-spring  is  used  to  keep 
np  the  motion  of  a  watch,  instead  of  the  weight  used  in  a  clock ; 
and  as  a  spring  acts  equally  well,  whatever  be  its  position,  a 
watch  keeps  time  although  carried  in  the  pocket,  or  in  a  moving 
ship. 

As  the  rate  of  a  clock  is  influenced  by  the  length  of  its  pen- 
dulum, so  is  the  rate  of  a  watch  by  the  size  or  diameter  of  its 
balance-wheel ;  and  heat  which  retards  the  motion  of  a  common 
clock,  by  lengthening  the  pendulum,  retards  the  motion  of  a 
eommon  watch  by  dilating  the  balanoehwheel.     Man's  ingenuity 


110  1I0TI0S8  ASD  PaRCES., 

however  has  found  a  remedy  for  the  latter  case  as  for  the  former 
viz.  the  contrivance  called  the  expansion  balance-wheel.  Of 
this  the  circumference,  instead  of  being  a  continuous  ring,  is 
made  up  of  two  half-ring?,  each  attached  by  one  end  only,  to  a 
cross  bar,  and  which  half  rings  being  of  brass  on  the  outside 
and  of  steel  within,  bend  or  curl  inwards  by  heat — as  a  sheet  of 
damp  paper  bends  when  held  to  the  fire — and  thus  diminish  the 
size  of  the  wheel  at  their  loose  extremities,  so  as  just  to  coun- 
terbalance its  increase  by  the  expansion  of  the  cross  bar. 

As  the  motion  of  a  pendulum  has  relation  to  the  farce  of 
gravity,  so  has  the  motion  of  the  balance-wheel  to  the  stiffness 
of  the  balance-spring;  and  the  regulator  of  a  watch  is  merely 
a  pin  which  bears  against  the  balance-spring,  and  which,  by 
sliding  backwards  or  forwards,  so  as  to  shorten  or  lengthen  the 
part  of  the  spring  left  free  to  bend,  changes  the  degree  of  its 
stifihess. 

It  would  be  exceeding  the  limit  marked  out  for  this  general 
work,  to  speak  more  particularly  here  of  those  admirable 
watches  which  have  been  produced  within  the  last  thirty  years 
under  the  name  of  chronometers^  for  the  purpose  of  ascertain- 
ing the  longitude  at  sea;  but  the  author  may  perhaps  be  excu- 
sed for  mentioning  a  moment  of  surprise  and  delight  which  he 
experienced,  on  first  seeing  their  singular  perfection  experi- 
mentally proved.  After  months  spent  in  a  passage  from  South 
America  to  Asia,  his  pocket  chronometer  and  others  on  board, 
announced  one  morning  that  a  certain  point  of  land  was  then 
bearing  east  from  the  ship  at  a  distance  of  fifty  miles;  in  an  hour 
afterwards,  when  a  mist  had  cleared  away,  the  looker-out  on 
the  mast  gave  the  joyous  call  of  '<  Land  a-head!"  verifying  the 
report  of  the  chronometers  almost  to  a  mile,  after  a  voyage  of 
thousands.  It  is  allowable  at  such  a  moment,  with  the  dangers 
and  uncertainties  of  ancient  navi^tion  before  the  mind,  to  ex- 
ult in  contemplating  what  man  has  now  achieved.  Had  the  rate 
of  the  wonderful  little  instrument,  in  all  that  time,  been  quick- 
ened or  slackened  ever  so  slightly  its  announcement  would  have 
been  worse  than  useless, — but  in  the  night  and  in  the  day,  in 
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storm  and  in  calm,  in  heat  and  in  cold,  its  steady  beat  went  on, 
keeping  exact  account  of  the  rolling  of  the  earth  and  of  the  stars; 
and  in  the  midst  of  trackless  waves  which  retain  no  mark,  it 
was  always  ready  to  tell  its  magic  tale  of  the  very  spot  of  the  globe 
over  which  it  had  arrived.  The  mode  of  using  a  chronometer  for 
so  valuablea  purpose  will  be  explained  in  the  section  on  astrono- 
my. 

Bent  or  curvilinear  motion  from  attraction. — ^This  takes 
place  whenever  attraction  is  acting  across  the  path  of  any  exis- 
ting motion.  The  flying  cannon  ball  or  stone,  drawn  down  by 
gravity,  is  an  example,  for  the  projectile  force  ceases  with  the 
first  impulse,  but  the  bending  force  is  acting  every  instant,  and 
every  instant  increases  the  bend,  and  thus  produces  a  curvilinear 
path. 

An  oblique  jet  of  water  is  to  the  eye  a  permanent  exhibition 
of  the  curve  described  by  a  body  thus  projected.  The  particles 
of  the  liquid  move  in  the  line  which  they  would  describe  if  they 
had  been  projected  singly^,  and  the  continued  succession  of  them 
marks  the  line  of  situations  in  which  each  has  been  or  will  be 
before  it  falls. 

A  cannon  or  musket  ball,  shot  quite  horizontally,  will  touch 
fhe  ground  of  a  level  plane  just  as  soon  as  another  ball  dropt  at 
the  same  instant  directly  from  the  cannon's  mouth;  for  the  for- 
ward or  projectile  motion  does  not  at  all  interfere  with  the  ac- 
tion of  gravity.  This  fact,  which  most  persons,  before  con- 
sideration, would  be  disposed  to  doubt,  makes  strickingly  sensi- 
ble the  extraordinary  speed  of  a  cannon  ball;  viz.  which  has 
already  carried  it  six  or  eight  hundred  feet  before  touching 
during  the  half  second  that  a  ball  dropt  from  the  hand  of  a  stand- 
ing person  requires  to  reach  the  earth.  The  fact  also  explains 
why,  for  a  long  range,  the  gun  must  always  be  pointed  more  or 
less  upwards. 

The  minute  study  of  the  subject  of  projectiles  is  very  impor- 
tant to  military  engineers;  and  we  know  how  successfully  they 
have  pursued  it,  by  the  precision  with  which  they  send  their 
shot  and  sheDs  to  marks  at  very  great  distances. 
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'  A  cannon  ball  shot  horizontally  from 
the  top  of  a  lofty  mountain,  would  go 
three  or  four  milefl.  (The  mountain  is 
here  represented  on  an  enlarged  scale, 
as  standing  on  the  globe,  at  a.)  If 
there  were  no  atmosphere  to  resist  its 
mtytion,  or  if  the  mountain  top  were 
above  the  surface  of  the  atmosphere,  the 
same  original  velocity  would  carry  it  thirty  or  forty  miles  be-^ 
fore  it  fell,  as  to  b;  with  more  force  still,  it  would  reach  to  c, 
and  with  still  more  to  d.  And  if  it  could  be  despatched  with 
about  ten  times  the  velocity  of  a  cannon  shot,  it  would  not  have 
approached  nearer  to  the  earth  than  at  first,  even  when  it  had 
again  reached  round  to  e  or  to  a;  and  its  velocity  being  undimi* 
nished,  it  would  perform  a  second  similar  tour,  and  then  a  third, 
and  so  forth:  it  would,  in  fact,  have  become  a  little  satellite,'  or 
planetary  body,  revolving  round  the  earth.  In  the  successive 
ranges  represented  in  the  figure,  it  is  seen  that  the  centrifugal 
force  of  the  ball,  or  its  tendency  to  move  in  a  straight  line,  W 
comes  more  and  more  nearly  a  counterbalgnce  to  gravity,  and 
at  last  is  exactly  equal  to  it  If  the  force  given  to  the  ball  were 
more  than  sufficient  to  bring  it  round  again  to  the  level  of  a,  it 
would  fly  off,  or  increase  its  distance  from  the  earth,  acquiring 
somewhat  of  the  eccentric  motion  of  a  comet  There  may  re- 
ally be  such  revolving  masses  above  our  atmosphere,  although 
invisible  to  us  owing  to  their  smallness.  It  has  been  supposed 
by  some,  but  untenably,  that  the  motoric  stones,  which  fall  to 
the  earth  every  now  and  then,  come  from  such  bodies,  or  are 
the  entire  masses  which  in  some  way  have  become  entangled  iii 
our  atmosphere,  and  so  have  lost  their  forward  velocity.  The 
four  little  planets  discovered  lately  between  Mars  and  Jupiter, 
are  not  larger  than  a  six-thousandth  part  of  our  earth. 

B€pubianr'''pr^\xcm  acceleraiedf  reiardedf  and  heni  too* 
tioQS  like  attraction,  but  it  acts  only  at  minnte  distances;  viUin 
atUiOfition  draws  from  the  sun,  or  from  the  very  limits  jof.tiie 
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uftiirerse:  repulsion  acts,  for  instance,  between  the  adjoining 
atoms  of  an  elastic  fluid.  Yet  repulsion  plays  a  part  in  the 
economj  of  naturei  not  at  all  inferior  to  its  sister  attraction* 
We  have  already  seen,  when  eonsidering  the  constitution  of 
masses  in  section  first,  that  repulsion  keeps  the  atoms  of  all . 
bodies  from  reaching  a  complete  contact;  that  with  increase  of 
temperature,  it  causes  these  atoms  to  separate,  and  of  a  solid  to 
fprm  a  liquid,  or  even  an  air;  that  it  operates  around  all  masses 
as  if  it  were  a  film  or  covering,  preventing  their  mutual  cohe- 
sion, &e«  &c. 

•decelerated  motion  from  repulsion,  is  seen  when  the  atoms 
of  gunpowder  explode  and  propel  the  bullet  from  the  bottom  of 
a  piece  to  the  muzzle  with  such  rapid  increasing  velocity. 
The  strength  of  this  repulsion  of  gunpowder  is  so  much  stronger 
than  the  strength  of  gravity  or  common  attraction,  that  its  action 
on  a  bullet,  during  the  passage  along  a  barrel  of  five  or  six  feet 
in  length,  may  not  be  overcome  by  gravity,  during  an  ascent  of 
a  mile  or  more. 

A  visibly  retarded  motion  from  repulsion,  is  exemplified  by 
a  moving  body  coming  against  a  spring,  or  a  bladder  full  of  air, 
or  against  the  piston  handle  of  an  air  syringe,  so  as  to  compress 
the  air  beneath  it 

Any  elastic  body  striking  against  another  body  and  recoiling 
exhibits  in  conjunction  the  phenomena  of  retardation,  accelera- 
tion, and  often  also  of  bending,  from  repulsion  ;  for  instance  : 

An  ivory  ball  driven  forcibly  against  a  marble  slab,  does  not 
stop  in  the  instant  that  apparent  contact  takes  place,  but  still  ad- 
vances and  compresses  that  part  of  the  substance  which  is  against 
the  marble, — as  is  proved  by  the  facts  mentioned  at  page  71. 
While  this  compression  of  the  ivory  is  going  on,  the  resistance 
made  by  the  increasing  repulsion  of  the  particles  gradually  re* 
tarda,  and  ultimately  destroys  the  forward  motion  of  the  ball ; 
and  at  the  instant  of  its  final  arrest,  the  parts  in  contact,  both  of 
the  hall  and  of  the  marble,  being  in  their  greatest  degree  of  com- 
pression, act  on  the  ball,  and  repel  it  again  with  gradually  ac- 
celerating motion,  until  it  leaves  the  marble,  with  the  same  ve- 
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locity  whicli  it  had  on  approaching.  The  retardation  and  ac- 
celeration take  place  here  within  so  small  a  space,  and  in  so  short 
a  time,  that  they  are  not  apparent  to  sense,  but  the  mind  per- 
ceives the  nature  of  the  phenomenon  as  distinctly  as  if  the  ball 
rolled  against  the  end  of  a  long  steel  spring. — If  the  ball  strike 
the  marble  obliquely,  as  from  a  to  c,  it  docs  not  rebound  in  the 
same  line  by  which  it  approached,  but  just  as  obliquely  towards 
the  other  side,  vizj  from  cXoh  ;  and  it  then  exhibits  a  bent  mo- 
tion : — d  c  is  a  perpendicular  line  showing  that 
the  angles  formed  with  it  by  the  lines  of  the  ap- 
proach and  departure  of  the  ball  are  equal. 
The  important  law  in  physics,  of  which  this 
case  is  an  example,  is  usually  expressed — 
^^  The  angles  of  incidence  and  of  reflection  are 
equal.''  It  applies  to  all  reflected  bodies,  as 
balls,  waves,  sound,  light,  &c. 

If  the  ivory  ball  and  marble,  in  the  above  case,  were  supposed 
to  be  both  perfectly  hard,  and  without  elasticity,  still  the  repul- 
sion which  surrounds  all  bodies,  as  a  thin  covering,  preventing 
their  cohesion  (see  page  63}  would  act  exactly  as  the  real  elas- 
ticity of  the  ivory,  and  would  cause  a  retarded  motion  until 
perfect  rest  came,  and  then  an  accelerated  motion  back  again, 
until  the  ball  recovered  its  primitive  velocity. 

Collision  between  hard  bodies  always  exhibits  more  or  less  of 
the  truth  now  described;  when  it  occurs  between  soft  bodies,  as 
lumps  of  lead  or  of  moist  clay,  the  approaching  parts  mutually 
displace  each  other,  and  there  is  no  recoil. 

When  a  straight  steel  plate,  of  which  the  end  id  fixed  in  a 
block,  is  bent,  as  by  a  ball  rolling  against  it,  the  particles  on  the 
side  which  becomes  concave  are  made  to  approximate,  and  there 
is  a  resistance  or  repulsion  gradually  increasing  among  them: 
the  particles  on  the  convex  side,  again,  are  drawn  a  little  more 
from  each  other  than  natural,  and  are  therefore  atU^cting  to  r^ 
turn;  the  recoil  of  the  spring,  thus,  is  owing  to  both  forces  try« 
iog  to  replace  the  particles  in  their  former  relative  situations. 
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^  TUIeSj  Winds,  fyc,  areJSttraction.^^  (Read  the  analysis  p.  78.) 

Until  we  reflect  attentively  on  this  suhject,  we  are  far  from 
perceiving  that  all  the  phenomena  of  nature  are  only  instances 
of  attraction  and  repulsion,  acting  under  variety  of  circum- 
stances. 

.  Attraction — THdes  are  raised  by  the  attraction  of  the  moon 
and  sun,  and  fall  again  by  the  general  attraction  of  the  earth: — 
producing  in  many  of  the  shallower  parts  of  the  ocean  very  rapid 
currents.  They  do  a  great  deal  of  work  for  man.  They  carry 
his  ships  along  the  coasts,  and  up  and  down  the  rivers;  they 
turn  water-wheels  for  him;  they  fill  his  docks  and  canals  at  con- 
venient times;  they  rise  to  receive  his  ships,  launched  from  ele* 
vatbd  dock-yards,  &c.  What  a  busy  scene  is  a  great  sea-port 
river,  during  the  rising  and  falling  of  the  tide — with  the  thou- 
sands of  people  along  its  banks,  borrowing  assistance  in  their 
various  occupations! 

*  Winds  are  produced  chiefly  by  the  fluid  atmosphere  seeking 
its  level,  in  obedience  to  the  attraction  of  the  earth,  after  the  ac- 
tion of  disturbing  causes,  such  as  the  heat  of  the  sun,  &c.  They 
help  man  in  the  important  business  of  navigation;  they  tura 
his  windmills,  &c. 

The  Currents  of  rivers,  are  water  constantly  moving  along 
slopes,  that  is,  regaining  its  level,  in  obedience  to  the  earth's 
attraction.  Watermills  and  inland  navigation  are  among  the 
advantages  which  they  afibrd  to  man. 

Ml  /ailing  and  pressing  bodies  exhibit  attraction  in  its 
simplest  form. 

Repulsion — ^is  instanced  in  explosion,  steam,  the  action  of 
springs,  Src. 

^  Explosion  of  gunpowder  is  repulsion  among  the  particles 
when  assuming  the  form  of  air. 

Steam,  by  the  repulsion  among  its  particles^  moves  the  piston 
of  the  steam-engine.  In  our  days  it  performs  half  the  labour  of 
society. 

.  Accidental  explosions  of  fire-damp,  or  hydrogen,  in  mines,  and 
the  tremendous  evolutions  of  elastic  fluid  in  volcanoes  and  earth- 
quakes, are  other  instances  of  the  same  class. 
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All  elasiictly,  as  seen  in  spriogs,  collision,  &c«  belongs' 
ehiefly  to  repulsion. 

A  spring  is  often,  as  it  were^  a  I'eservoir  of  force,  kept  ready 
charged  for  a  purpose;  as  when  ir  gunlock  is  cocked,  a  watch 
wound  ap,  &c« 

It  will  be  remarked,  with  respect  to  many  of  the  phenomena 
now  and  hereafter  to  be  mentioned,  that  it  is  not  the  original 
attraction  or  repulsion  which  man  uses  aB  his  servant,  but  the 
momentum  gradually  accumulated  in  masses  by  such  attraction 
or  repulsion. 

Eleetricaly  galvanic^  magnettcal,  and  cptieal  phenomena, 
are  also  in  great  part  peculiar  attractiona  and  repulsions,  as  will 
be  seen  in  the  chapters  devoted  to  them.  And  even  the  actions- 
^  ammahy  so  infinitely  varied,  are  produced  simply  by  the 
shortening  of  tiie  fleshy  threads  called  muscular  fibres,  owing 
to  the  mutual  attmciion  of  their  component  particles;— just  as 
the  varied  motions  of  a  telegraph,  or  of  a  ship V  yards,  are  pro- 
duced by  the  shortening  of  certain  ropes  of  connexion. 

However  closely  allied  the  last-mentioned  particular  attrac- 
tions and  repulsions  may  be  to  the  general  attraction  and  repul- 
sion formerly  treated  of,  it  is  found  convenient  to  consider  them 
apart,  and  tliey  are  accordingly  reserved  for  future  chapters. 

In  the  remarkable  phenomena  of  nature  and  art^  all  caused,  a» 
now  shown^  by  attraction  and  repulsion,  these  forces  do  not 
operate  by  a  single  impulse,  but  through  a  repetition  of  im- 
pulses, or  a  continued  action,  of  which  the  effect  is  gradually 
accumulated  in  the  inertia  of  matter.  Thus  all  great  veloci- 
ties and  momenta  are  the  terminations  of  an  accelerated  mo- 
tion. 

Meteoric  stones,  falling  from  j^eat  heights,  bury  themselves 
deep  in  the  earth  by  the  force  of  their  gradually  acquired 
velocity. 

When  the  wood-cutters  among  the  Alps  launch  an  enormous 
tree  from  high  on  the  mountain  side,  along  the  smooth  wooden 
trough  or  channel  prepared  for  it,  and  in  fewer  minuten  than  it 
traverses  miles^  it  is  seen  plunging  into  the  lake  below;  it  ac- 
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qaires  its  frightful  velocity^  not  at  once,  but  throogh  the  action 
of  gravity  contimied  daring  the  whole  of  its  descent 

The  shock  or  blow  of  the  ram  of  a  pile-engine,  is  not  the 
e0i9Ct  of  momentary  attraction  between  it  and  the  earth,  but  of 
that  attraction  accumulating  motal  inertia  or  power,  during  the 
descent  of  the  ram  through  a  space  of  twenty  or  thirty  feet 

A  common  hammer,  in  its  instantaneous  shock,  has  the  con-" 
densed  effect  of  the  arm  and  of  gravity,  as  accumulated  throa^ 
its  whole  previous  course^  and  when  a  powerful  blow  is  inten-» 
ded,  the  hammer,  or  hatchet,  or  club,  or  fist  in  boxing,  is  lifted 
high  and  carried  far  back,  that  there  may  be  time  and  space  for 
imparting  greater  power. 
Many  actions  of  the  inferior  animals  are  illustrative  of  the  same 

truth,  and  prove  their  experimental  or  instinctive  acquaintance 

with  it 

Sea  birds  carry  shell-firii  up  insto  the  air,  and  drop  them,  on 
smooth  stones,  to  break  them,  and  to  obtain  the  food.  It  is  re- 
lated in  Grecian  story,  that  a  bird  once  mistook  the  venerable 
bald  head  of  a  sage  meditating  on  the  sea-shore  for  a  smooth 
Stone,  and  by  the  same  act  killed  an  oyster  and  the  philosopher.' 

There  ar^  some  long-necked  birds,  that  fight  and  kill  their 
prey  by  a  blow  of  their  beak.  They  draw  back  the  head, 
bending  the  neck  like  a  swan  or  serpent,  and  then  dart  it  for- 
ward, with  a  continued  effort,  until  the  strong  wedge-like 
beak  reaches  its  destination,  almost  with  the  velocity  of  a  pistol 
bullet  A  snake'  in  darting  its  fangs  at  an  enemy  passing  swift- 
ly across  its  coil,  has  missed  its  aim  and  inflicted  a  mortal  wound 
on  its  own  flesh. 

Bulls,  ramS)  and  goats,  in  fighting,  alter^itely  recede  and  run 
at  each  other  that  the  shock  may  be  great  when  the  foreheads^ 
meet 

A  horse  in  kicking,  from  the  great  length  of  his  leg,  and  Che 
consequent  space  through  which  he  can  be  adding  velocity  to 
his  foot,  sends  it  at  last  against  the  object  almost  like  a  cannon 
shot 

A  bow-string  propelling  an  arrow,  follows  it  through  a  con- 
siderable space;  and  hence  the  great  velocity  at  last  produced. 


118  MOTIONS  AND  FORCES. 

A  sling  gives  to  the  hand  the  power  of  adding  velocity  to  the 
stone  through  a  long  path;  for  the  hand  moves  in  a  small  cir- 
cle while  the  stone  moves  in  a  larger,  and  the  hand  being  kept 
always  in  advance  of  the  stone,  pulls  at  it  without  intermission^ 
however  quickly  moving. 

The  battering  rams  of  the  ancients  allowed  those  about  them 
to  accumulate  in  them  the  efforts  of  many  hands,  and  of  a  con- 
siderable duration  of  action,  so  as  to  give  at  last  one  great  and 
sudden  shock. 

.  Even  the  gentle  action  of  the  human  breatli,  exerted  for  a 
time  on  a  pea  or  small  hard  ball  of  clay,  while  passing  through 
a  long  smooth  tube,  gives  a  velocity  which  will  inflict  a  sharp 
and  painful  stroke  on  a  distant  animal.  In  Borneo  and  others 
of  the  Eastern  Islands,  poisoned  arrows  are  thrown  in  this  way 
with  great  force  and  precision. 

The  action  of  gunpowder  on  bullets,  although  appearing  so 
dudden,  is  still  not  an  instantaneous,  but  a  gradual^  and  there- 
fore accelerating  action;  and  accordingly  we  find  the  effect  to 
depend  much  on  the  length  of  the  piece  along  which  the  force- 
pursues  tbe  ball.  A  small  fast-sailing  vessel  with  a  single  long 
gun  has  often  compelled  a  very  superior  vessel,  whose  guns 
were  shorter,  to  yield. 

For  the  same  reason  that  all  great  velocities  require  continued 
action  or  repeated  impulse  to  produce  them,  so  do  they  also 
to  destroy  them,  the  inertia  of  motion  and  of  rest  being  ex- 
actly equal. 

A  vast  mass  of  rock  suspended  like  a  pendulum,  and  allowed 
to  sweep  down  its  curve  from  a  considerable  elevation,  would 
arrive  at  the  bottom  like  a  battering  ram,  with  force  suihcient  to 
shake  a  thick  wall  or  rampart  to  its  foundation.  The  continued 
ac^on  of  gravity  would  have  given  this  force,  and  if,  instead  of 
the  solid  resistance  now  supposed,  and  which  would  not  be  suf- 
ficient to  take  the  whole  momentum  away,  the  mass  were  mere- 
ly allowed  to  continue  its  course  as  a  pendulum,  and  to  ascend 
on  the  other  side,  the  continued  action  of  gravity  then  opposing 
its  motion,  would  bring  it  to  poweriew  rest  again,  by  the  time 
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^vhen  it  had  reached  an  elevation  equal  to  that  from  whieh  it 
fell. 

Soft  air  expanding  gives  gradually  the  death-carrying  velocity 
to  the  cannon  ball ;  and  soft  air,  or  cotton,  or  wool,  resisting  in 
a  close  strong  tube, — if  the  bullet  could  be  directed  exactly  into 
it — would  again  gradually  annihilate  the  motion.  Were  the 
tittempt  made,  however,  to  stop  the  ball  suddenly,  by  a  block 
of  the  hardest  granite,  the  block  would  instantly  be  riven  by  its 
force. 

Bales  of  cotton  or  thick  yielding  cork  attached  round  a  ship 
will  receive  cannon  balls,  and  bring  them  to  rest,  without  them- 
selves suffering  much  ;  while  the  naked  firmer  side  of  the  ship 
would  be  penetrated.  The  cotton  or  cork  offers  an  increasing 
resistance  through  a  considerable  space,  while  the  oak  opposes 
its  hard  front  at  once,  and  must  instantly  suffice  or  be  destroy- 
ed. A  hard  body,  that  it  may  at  once  destroy  such  a  motion  as 
ive  are  supposing,  must  be  able  to  oppose  as  much  force  in  per- 
haps the  space  of  one-hundredth  of  an  inch,  that  is,  in  the  ex- 
tent to  which  its  elasticity  will  let  it  yield  without  breaking,  as 
the  moving  cause  gave,  through  a  much  greater  space  (a  plate 
of  steel  will  thus  oppose  a  pistol-bullet;)  and  when  it  cannot  do 
this,  it  must  be  broken  or  penetrated  by  the  moving  body.  It 
is  to  be  remarked,  however,  that  the  continued  opposition  of  a 
thick  mass  of  wood,  stone,  or  earth,  to  an  entering  bullet, 
brings  it  to  rest  at  last  just  as  any  elastic  unbroken  opposition 
would.  Gunners  have  ascertained  the  exact  depth  in  each  sub- 
stance to  which  a  ball  will  penetrate;  and  they  call  buildings 
bomb  or  ball-proofs  which  have  a  thickness  or  depth  exceed- 
ing this. 

A  hempen  or  silken  rope  supporting  the  scale  of  a  weighing 
beam;  would  resist  a  greater  weight  falling  into  the  scale  than 
would  be  resisted  by  an  iron  chain,  even  stronger  than  the  rope 
for  the  purpose  of  bearing  a  quiescent  weight;  because  the  hemp 
or  silk  would  yield  by  its  elasticity,  and  continue  its  resistance 
through  a  considerable  space  and  time,  and  thus  would  at  last 
_gradually  overcome  the  momentum:  while  the  iron,  by  not 
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yielding,  either  would  require  to  be  strong  enough  to  stop  tiie 
mass  suddenly,  or  would  break. 

Yet,  for  the  same  reason  that  iron  is  weakest  in  the  last  case, 
it  is  stronger  than  hemp  or  rope  when  used  as  a  cable  for  a  ship, 
to  withstand  the  sudden  force  of  waves,  because  the  chain  by 
its  weight  hangs  as  a  curve  or  inverted  arch  in  the  water, 
while  the  rope  being  nearly  of  the  weight  of  water,  is  support* 
ed  by.it  and  becomes  almost  a  straight  line  from  the  anchor  to 
the  ship;  and  when  a  great  wave  dashes  against  the  ship,  the 
straight  rope  can  only  yield  by  the  elasticity  of  its  material,  and 
comparalively,  therefore,  a  little  way;  but  the  bent  chain  will 
yield  until  it  be  drawn  nearly  straight,  and  by  this  greater  lati- 
tude of  yielding,  and  consequent  length  of  resistance,  it  will 
withstand  a  greater  shock. 

A  heavy  ship  moving  quickly  with  the  tide  or  wind,  could 
not  be  stopped  instantly  by  a  short  chain  of  any  magnitude: — 
if  the  attempt  were  made  to  destroy  at  once  so  vasta  momentum, 
something  would  certainly  give  way;  but  a  rope  of  very  mode- 
rate size,  kept  tight  between  the  shore  and  the  ship,  and  from 
time  to  time  allowed  to  slip  a  little  round  a  wooden  block,  when 
the  tightness  threatened  its  breaking,  would  accomplish  the  end 
very  soon  and  easily* 

The  following  are  further  proofs  that  forces  are  to  be  measur- 
ed as  much  by  the  time  or  space  through  which  they  act,  as 
by  their  difference  of  intensity  or  momentary  power. 

A  door  standing  open,  and  which  would  yield  readily  on  its 
hinges  to  the  gentle  push  of  a  finger,  is  not  moved  by  a  cannon 
ball  piercing  through  it  Now  the  ball  really  overcomes  the 
whole  force  of  cohesion  among  the  atoms  of  tough  wood  :  but 
that  force  is  allowed  to  act  or  resist  for  so  short  a  time,  owing 
to  the  rapid  passage  of  the  ball,  that  it  is  not  sufficient  to  affect 
the  inertia  of  the  door,  in  a  degree  to  produce  sensible  motion^ 
The  cohesion  of  the  circle,  in  the  door,  cut  out  by  the  ball, 
would  have  borne  a  weight  of  more  than  a  hundred  pounds  laid 
quietly  upon  it,  but  (supposing  the  bullet  to  fly  ^twelve  hundred 
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feet  in  a  second  and  the  door  to  be  one  inch  thick)  being  only  aU 
lolled  to  act  for  the  145400th  part  of  a  second^  its  influence  is 
not  perceived.  The  following  are  other  e^mples  of  the  same 
kind* 

A  leaden  bullet  pressed  slowly  against  a  pane  of  glass  breaks* 
it  irregularly^  where  the  strength  happens  to  be  least ;  but  the 
same  bullet  shot  at  it  from  a  pistol,  makes  only  a  small  round 
hole.  It  ban  been  amusingly  said  of  suck  a  case,  that  the  parti* 
eles  struck  and  carried  away>  have  not  time  to  warn  their  neigh- 
bours of  what  is  happening. 

A  cannon  ball,  having  very  great  velocity,  passes  through  a 
fHAp*^  side»  and  leaves  but  a  little  mark ;  while  one  with  less 
speed  splinters  and  breaks  the  wood  to  a  considerable  distance 
around.  A  near  shot  thus  often  injures  a  ship  less  than  one  from 
a  greater  distance. 

A  sheet  of  paper,  standing  edgeways  on  a  table>  is  not  driven 
down  by  a  pistol  ball  fired  through  it. 

The  truth  at  present  under  consideration  explains,  with  respect 
to  gun-shot  wounds,  why  a  man  often  remains  ignorant  for  a 
time  of  his  misfortune,  and  why  a  rapid  bullet  only  kills  the 
parts  which  it  touches,  while  a  spent  ball  may  bruise  and  injure 
all  aroundk  In  many  cases  of  injury  attributed  to  the  toind  of 
a  bally  the  ball  itself  has  really  touched  the  part 

A  circular  plate  of  soft  iron,  made  to  turn  with  extreme  rapi- 
dity, cuts  through  the  hardest  steel  file,  as  a  knife  cuts  through 
a  carrot  In  cases  where  a  soft  powder  suffices  to  polish  a  hard 
body,  it  acts  partly  like  this  plate,  by  the  motion  or  velocity 
g^yen  to  the  wearing  particles. 

A  man  lying  down  and  receiving  the  blow  of  a  great  hammer 
on  his  chesty  would  be  destroyed  by  it ;  but  if  a  heavy  anyil  b« 
first  laid  upon  the  chest,  and  the  blow  be  then  received  upon 
the  anvil,  tiie  man  bears  it*  with  impunity*  Here  the  quaatity 
of  motion  in  the  hanuner,  being  difiused  through  the  great  mass 
of  the  anvil,  produces  but  a  trifling  velocity,  which  the  elastics 
ty  of  the  chest,  in  its  slow  yielding,  easily  overcomes^ 

Q 
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"  There  is  no  viotion  or  action  in  the  universey  toithout  a 

concomitant  and  opposite  action  of  equal  amount^^  {See 

the  analysis.) 

This  truth  has  otherwise  been  expressed — **  action  and  re-ac- 
tion are  equal  and  contrary." — It  is  clear  that  if  no  action  or 
movement  takes  place  on  earth  but  in  consequence  of  either  at« 
traction  or  repulsion, — ^and  this  has  now  been  shown — ^there 
must  always  be  two  objects  or  masses  concerned,  and  each 
must  be  attractedor  repelled  just  as  much  as  the  other,  although 
one  will  have  less  velocity  as  it  may  itself  be  greater  or  j&xed  to 
a*  greater  mass. 

If  a  man  in  one  boat  pull  at  a  rope  attached  to  another,  the 
two  boats  will  approach.  If  they  be  of  equal  size  and  load, 
they  will  both  move  at  the  same  rate,  in  whichever  of  the  boats 
the  man  may  be;  and  if  there  be  a  difference  in  the  sizes,  and  re- 
sistances, there  will  be  a  corresponding  difference  in  the  veloci- 
ties, the  smaller  boat  moving  the  fastest. 

A  magnet  and  a  piece  of  iron  attract  each  other  equally,  what- 
ever disproportion  there  is  between  the  masses.  If  either  be 
balanced  in  a  scale,  and  the  other  be  then  brought  within  a  cer« 
tain  distance  beneath  it,  the  very  same  counterpoise  will  be  re- 
quired to  prevent  their  approach,  whichever  be  in  the  scale.  If 
the  two  were  hanging  near  each  other  as  pendulums,  they  would 
approach  and  meet:  but  the  little  one  would  perform  a  greater 
part  of  the  journey,  in  proportion  to  its  littleness. 

A  man  in  a  boat  pulling  a  rope  attached  to  a  large  ship,  seems 
only  to  move  the  boat:  but  he  really  moves  the  ship  a  little,  for 
a  thousand  men  in  a  thousand  boats,  pulling  simultaneously  in 
the  same  way,  would  make  the  ship  meet  them  half  way. 

A  pound  of  lead  and  the  earth  attract  each  other  with  equal 
force;  but  that  force  makes  the  lead  approach  sixteen  feet  in  a 
second  towards  the  earth,  while  the  contrary  motion  of  the  earth 
is  of  course  as  much  less  than  this  as  the  earth  is  weightier  than 
one  pound,  and  is  therefore  unnoticed.  Strictly,  however,  it  is 
true,  that  even  a  feather  falling  lifts  the  earth  towards  it,  and 
that  a  man  jumping  kicks  the  earth  away. 
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A  Bpring  unbending  between  two  equal  bodies,  throws  them 
off  with  equal  velocity  ^  if  between  bodies  of  different  magni- 
tudes, the  velocity  is  greater  in  the  smaller  body,  and  in  exact 
proportion  to  the  smallness. 

On  firing  a  cannon,  the  gun  recoils  with  as  much  motion  or 
momentum  in  it  as  the  ball  has;  but  the  momentum  in  the  gun 
being  diffused  through  a  greater  mass,  the  velocity  is  small,  and 
easily  checked. 

The  recoil  of  a  light  fowling-piece  will  hurt  the  shoulder,  if 
the  piece  be  not  held  close  to  it. 

A  ship  in  chase,  by  firing  her  bow  guns,  retards  her  motion; 
by  firing  from  the  stern  she  quickens  it 
•    A  ship  firing  a  broadside,  heels  or  inclines  to  the  other  side. 

A  vessel  of  water  suspended  by  a  cord  hangs  perpendicularly: 
but  if  a  hole  be  opened  on  one  side,  so  as  to  allow  the  water  to 
jet  out  there,  the  vessel  will  be  pushed  to  the  other  side  by  the 
re-action  of  the  jet,  and  will  so  remain  while  it  flows.  If  the 
hole  be  oblique,  the  vessel  will  turn  round  constantly. 

A  vessel  of  water  placed  upon  a  floating  piece  of  plank,  and 
allowed  to  throw  out  a  jet,  as  in  the  last  case,  moves  the  plank 
in  the  opposite  direction. 

A  steam-boat  may  be  driven  by  making  the  engine  pump  or 
squirt  water  from  the  stern,  instead  of,  as  usual,  moving  paddle 
wheels.  There  is  a  loss  of  power  however  in  this  mode  of  apply- 
ing it,as  will  be  explained  under  the  head  of  "  Hydraulics.*' 

A  man  floating  in  a  small  boat,  and  blowing  strongly  with  a 
bellows  towards  the  stern,  pushes  himself  onwards  with  the 
same  force  with  which  the  air  issues  from  the  bellows  pipe. 

A  sky-rocket  ascends,  because,  after  it  is  lighted,  the  lower 
part  is  always  producing  a  large  quantity  of  aeriform  fluid,, 
which,  in  expanding,  presses  not  only  on  the  air  below,  but  also 
on  the  rocket  above,  and  thus  lifts  it.  The  ascent  is  aided  also 
by  the  recoil  of  the  rocket  from  the  part  of  its  substance,  which 
is  constantly  being  shot  downwards. 

He  was  a  foolish  man  who  thought  he  had  found  the  means  of 
commanding  always  a  fair  wind  for  his  pleasure-boat,  by  erect- 
ing an  immense  bellows  in  the  ster.n.     The  bellows  and  sails 
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acted  against  each  otfaery  and  there  was  no  motion:  indeed  in  a 
perfect  calm,  there  would  be  a  little  backward  motion,  because 
the  sail  would  not  catch  all  the  wind  from  the  bellows^ 

A  man  using  an  oar,  or  a  steam-engine  turning  paddle  wheels, 
advances  exactljr  with  the  force  that  drives  the  water  astern. 

A  swimmer  pressing  the  water  downwards  and  backwards 
with  his  hands,,  is  sent  forwards  and  upwards  with  the  same 
force  by  the  re-action  of  the  water. 

And  a  bird  flyings  is  upheld  with  exactly  the  force  with 
which  it  strikes  the  air  in  the  opposite  direction. 

A  mzn  pushing  against  the  ground  with  a  stick,  may  be  con- 
sidered as  compressing  a  spring  between  the  earth  and  the  end 
c(  his  stick,  which  spring  is  therefore  pushing  up  as  much  as  he 
pushes  down;  and  if,  at  the  time,  he  were  balanced  in  the  scale 
of  a  weighing  beam,  he  would  find  that  he  weighed  just  as  much 
less  as  if  he  were  pressing  with  his  stick. 

Thus  an  invalid,  on  a  spring  plank  or  chair^  who  causes 
his  body  to  rise  and  fall  through  a  great  range,  by  a  trifling 
downward  pressure  of  his  hand  ou  a  ataff  or  on  a  table,,  and  thus 
obtains  the  advantage  of  almost  passive  exercise,  is  really  lifting 
himself  while  he  presses  downward. 

When  a  child  cries,  on  knocking  his  head  against  a  table  or  a 
pane  of  glass,  it  is  common  to  tell  him,  and  it  is  true,,  that  he 
has  given  as  hard  a  blow  as  he  has  received;  although  his  phi- 
losophy, attending  chiefly  to  results,  probably  blames  the  table 
for  his  head  hurt,  and  his  head  for  the  glass  broken. 

The  difierence  of  momentum  acquired  in  a  fall  of  one  foot  or 
of  several,  is  well  known:  the  corresponding  intensities  of  re- 
action are  unpleasantly  experienced  by  a  man  who,  ia  sitting 
down,,  is  quietly  received  into  a  chair,  or  who  unexpectedly 
reaches  the  floor  where  he  suppoaed  a  ch^ir  to  be* 

What  motion  the  wind  has  given  to  a  ship,  it  has  itself  lost, 
that  is  to  say,  the  ship  has  re-acted  on  the  moving  air :  as  is  seen 
when  one  vessel  is  becalmed  under  the  lee  of  another* 

When  a  billiard  ball  strikes  directly  another  ball  of  equal  size, 
it  stops,  and  the  second  ball  proceeds  with  the  whole  velocity 
which  the  first  had:. — ^the  action  which  imparts  the  new  motion 
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here  being  equal  to  the  re-action  which  destroys  the  old*  Al- 
though the  transference  of  motion,  in  such  a  oase^  seems  to  be 
instantaneous,  the  change  is  really  progressive,  and  is  as  follows. 
The  approaching  ball,  at  a  certain  point  of  time,  has  just  given 
half  of  its  motion  to  the  other  equal  ball,  and  if  both  were  of  soft 
clay,  they  would  then  proceed  together  with  half  the  priginal 
velocity  ;  but,  as  they  are  elastic,  the  touching  parts  at  the  mo- 
ment supposed,  are  compressed  like  a  spring  between  the  balli^ 
and  by  ihetk  expanding,  and  exerting  force  equally  both  ways, 
they  double  the  velocity  of  the  foremost  ball,  and  destroy  alto- 
gether the  motion  in  the  other. 

If  a  billiard  ball  be  propelled  against  the  nearest  one  of  a  row 
of  balls  equal  to  itself,  it  comes  to  rest  as  in  the  last  case 
described,  while  the  farthest  ball  of  the  row  darts  off  with  its 
velocity,  the  intermediate  balls  having  each  received  and  trans- 
mitted the  motion  in  a  twinkling,  without  appearing  themselves 
to  move. 

Further  illustrative  of  the  truths,  that  action  and  re-action  are 
equal  and  contrary,  and  that  in  every  case  of  hard  bodies  strik- 
ing each  other,  they  may  be  regarded  as  compressing  a  very 
small  strong  spring  between  them,  we  may  mention,  that  when 
any  elastic  body,  as  a  billiard  ball,  strikes  another  larger  than 
itself,  and  rebounds,  it  gives  to  that  other,  not  only  all  the  motion 
which  it  originally  possessed,  but  an  additional  quantity,  equal 
to  that  with  which  it  recoUs — owing  to  the  equal  action  in  both 
directions  of  the  repulsion  or  spring  which  causes  the  recoil, 
When  the  difference  of  size  between  the  bodies  is  very  great, 
the  returning  velocity  of  the  smaller  is  nearly  as  great  as  its  ad- 
vancing motion  was,  and  it  gives  a  momentum  to  the  body 
struck,  nearly  double  of  what  it  originally  itself  possessed. 
This  phenomenon  constitutes  the  paradoxical  case  of  an  effect 
being  greater  than  its  cause,  and  has  led  person^  imperfectly 
acquainted  with  the  subject,  to  seek  from  the  principle,  a  per- 
petuum  mobile.  A  hammer  rebounding  from  an  anvil  has 
given  a  blow  of  nearly  double  the  force  which  it  had  itself,  for 
the  anvil  both  felt  its  approach,  and,  equally  with  itself,  was 
affected  by  the  repulsion  which  caused  its  return. 
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Many  more  interesting  facts  might  be  adduced  as  examples 
of  the  equal  action  and  re-action  between  bodies,  but  these  will 
suffice. 

This  second  section  of  the  work,  then,  has  explained  the 
nature  of  inertia  in  matter,  and  has  shown  that  the  infinitely 
varied  phenomena  of  motion,  which  the  universe  exhibits,  are 
only  attraction  and  repulsumy  acting  on  inertia  under  diver- 
sified circumstances. — ^And  such  is  the  sublime  simplicity  of  the 
whole  scheme  of  nature. 
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TO    PART   I.— SECTION    H. 
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The  attentive  perusal  of  the  preceding  section,  will  prepare 
the  reader  to  understand  the  following  propositions. 

Definitions. 

Prop.  1. — ^When  a  body  is  saccessively  changing  its  place  it 
is  said  to  be  in  motion,  p.  78. 

The  idea  of  motion  involves  those  of  space^  time,  velocity ^ 
direction^  the  quantity  of  matter  and  momentum. 

Prop.  2. — ^The  spctce  described  is  the  distance  passed  over  by 
a  body  during  its  motion;  and  is  measured  by  the  ijumber  of  units 
of  length,  as  a  foot,  a  yard,  a  mile,  &c.  contained  in  this  distance. 

Prop.  3. — ^The  time  consists  of  a  certain  number  of  units  of 
time  adopted  as  its  measure,  as  a  second,  a  minute,  &c.  which 
have  elapsed  during  the  motion  of  a  body. 

Prop.  4. — ^The  velocity  of  a  body  is  the  rate  at  which  it 
moves,  or  the  number  of  these  assumed  units  of  space  that  it 
passes  over  during  the  assumed  unit  of  time. 

AH  the  above  measures  may  be  represented  graphically  by 
lines  that  are  proportioned  to  them.  p.  99. 

Prop.  5.  — ^The  direction  of  a  body  may  be  straight  or  curved ; 
when  straight  or  rectilineal,  it  is  the  angle  which  its  path  makes 
with  any  straight  line  in  the  same  plane,  adopted  as  an  axis; 
when  the  path  of  a  body  is  a  curve,  its  direction  at  any  point  is 
the  angle  which  the  tangent  to  the  curve  at  the  point,  makes 
with  the  fixed  axis. 

Prop.  6 — ^The  momentum  of  a  body  is  its  quantity  of  mo- 
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Of  a  coiisiani  force  and  uniformly  accelerated  motion. 
Prop.  26. — The  eflect  of  a  constant  force  acting  upon  a  body, 
is  to  produce  in  it  a  uniformly  accelerated  motion,  p.  102. 

For  since  the  effect  of  force  is  to  produce  velocity,  a  conBtaDt  force  must  in 
successive  instants  of  time  afford  continual  and  equal  additions  to  the  velocity  of 
the  body  it  has  set  in  motion;  that  is  the  velocity  will  increase  in  the  direct  ra- 
tio that  the  body  has  been  moving,  which  is  the  definition  of  tfni^'brm/y  oe- 
celerated  motion. 

Prop.  27. — In  uniformly  accelerated  motion  the  space  de- 
scribed is  as  the  square  of  the  time,  pp.  103,  104. 

Thus  it  is  found  by  experiment  that  if  a  body  move  with  a  gradually  and  con- 
stantly increasing  velocity  that  would  cany  it  through  a  mile  in  one  minute; 
that  at  the  end  of  this  time  it  has  acquired  such  a  velocity  as  would  carry  it 
through  two  miles  the  next  minute,  if  the  force  that  communicated  its  motion 
ceased  to  act  at  the  end  of  the  first  minute;  but  if  the  force  continues  to  act,  it  ac- 
quires a  velocity  that  would  carry  it  over  an  additional  mile  so  that  it  will  pass 
over  three  miles  the  second  minute  or  four  miles  in  two  mhnutes.  At  the  end  of 
the  second  minute  it  has  acquired  a  velocity  that  will  carry  it  over  double  the 
space  in  the  third  minute  that  it  moved  over  in  the  first  two  minutes  or  a  velocity 
of  8  miles  in  2  minutes  or  4  miles  a  minute.  But  the  force  still  continuing  to  act* 
it  will  move  a  mile  farther  or  ,5  miles  in  the  third  minute.  Hence  if  a  body  acted 
upon  by  a  continued  force  move  a  mile  the  firat  minute,  it  would  move  8  miles  the 
second,  5  the  3d,  7  the  4ih,  9  the  5th,  &c. 

Thus  the  spaces  described  in  successive  equal  parts  of  time,  by  uniformly  accele- 
rated motion,  are  always  as  the  odd  numbers  1, 3,  6,  7,  9,  kc,  and  consequently  the 
whole  spaces  are  as  the  squares  of  the  times  or  of  the  last  acquired  velocities. 
For  the  Continued  addition  of  the  odd  numbers  yields  the  squares  of  all  numbers 
from  unity  upwards.  Thus  1  is  the  first  odd  number  and  the  square  of  1  is  1 ;  8  is  the 
second  odd  number  and  this  added  to  1  makes  4,  the  square  of  2; — 5  is  the  third 
odd  number  and  this  added  to  4  makes  9  the  square  of  8;  and  so  on  for  ever.  Since 
therefore  the  times  and  velocities  proceed  evenly  and  constanUy  as  I,  2,  8,  4,  Sec 
but  the  spaces  described  in  equal  times  are  as  1,  3,  6,  7,  &c.  it  is  evident  that  the 
space  described. 


lowing  equation,  which  expresses  all  the  circumstances  of  uniform  motion. 
Let  <  s=  the  time  of  motion, 

«  sss  the  space  described  in  the  time  t, 
os^the  velocity: 

Then,  s  ^ssvt  from  which  we  obtain 
s 

«=- 

Knd    (   SB   — 
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In  1  niinitte  mil  be  -  -  1  as  Square  of  1 

Ia2     "        "    "  -  -  l+8s=4=s=       ««         2 

In  8     "        "     «*  '  1  +  3  +  5  =s  ?  =       "    .     3 

In4     "        •*     ••  l4-S+5+7ax:16s=»     "         4&C. 

Of  Gravity. 

Prop.  28. — The  force  which  causes  bodies  to  fall  to  the  earlh 
is  of  the  kind  named  constant  and  is  called  gravity,  p.  102. 

Prop.  29. — The  direction  of  gravity  is  in  lines  perpendicu- 
lar to  the  eartii's  surface. 

Prop.  30. — ^The  force  of  gravity  is  directly  proportional  to 

the  mass  of  the  body. 

For  however  smaJl  the  parts  into  which  we  diyjde  a  body,  we  find  them  all  af- 
fected by  gravity,  amce  this  force  must  act  upon  all  the  particles  of  a  body. 

Hence  in  an  unresisting  medium  all  bodies  setting  out  from  a 
state  of  rest;  fail  through  the  same  space  in  the  same  time,  be- 
cause the  force  of  gravity  acting  upon  them  increases  in  proj>or- 
tion  to  the  mass  to  be  moved. 

Prop.  31. — ^The  force  of  gravity  decreases,  as  the  square  of 
the  distance  from  the  attracting  body  increases. 
This  is  proved  by  astronomieal  observations. 

Motion  produced  by  joint  forces. 
Prop.  33. — When  a  body  is  acted  upon  at  the  same  moment 
by  a  pleurality  of  forces,  each  of  these  forces,  produces  its  full  ef- 
fect ;  and  the  place  of  the  body  at  the  end  of  any  given  time  is 
the  same  as  it  would  have  been  if  the  forces  had  acted  in  succes- 
sion each  during  that  time^  pp.  97^  9Sy  99. 

Fig.  1. 
Thus  let  A  B  represent  the  direction  of  a  force  ^  -p 

that  would  move  a  body  A  the  distance  from  A 
to  B  in  a  certain  inUrval  of  time,  (a  second  for 
example)  and  AC>  the  direction  of  a  force  that  ^ 
would  propel  the  same  body  from  A  to  C  in  the  same  interval  of  time.  Suppose 
tbe  first  force  acted  alone,  it  would  move  the  body  from  A  to  C  in  one  second  y 
if  the  force  AC,  then  acted  at  B,  by  drawing  B  R  equal  and  parallel  to  AC,  B  R 
will  represent  the  direction  and  velocity  of  the  force  AC,  and  R  the  position  in 
which  the  body  would  be  in  at  the  end  of  the  second  interval  of  time.  Unite  A 
and  R  and  the  line  AR  will  represent  the  course  of  the  body  A  if  acted  upon  at 
the  same  moment  by  the  pvo  forces  A  B  and  AC  and  R  the  position  of  the  body 
At  the  end  of  the  first  interval  of  time. 
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Fig  2. 
In  the  same  manner  the  action  of  any  num- 
ber of  forces  may  be  represented.  Thus  let 
AB,  AC,  AD,  AE,  represent  the  separate  ef- 
fects of  four  different  forces  acting  in  the  same 
plane »  capable  of  moving  a  body  the  distances 
AB,  AC,  AD,  AE,  in  a  given  interval  of  time. 
Draw  Be,  cd,  dR,  equal  and  parallel  to  AC, 
AD,  AE  respectively,  and  join  AR.  AB  cd 
R,  will  represent  the  path  of  the  body  if  these 
forces  had  acted  successively  each  during  one 
Interval  of  time,  and  AR  the  path  of  the  body  if  they  all  act  together,  and  R  the 
position  of  the  body  at  the  end  of  the  first  interval  of  time. 

Prop.  33. — The  line  A  R  in  the  figiires  given  to  illustrate 
the  preceding  proposition  represents  the  direction  and  measure 
of  a  single  force^  equivalent  to  all  the  others  in  each  figure;  and 
hence  the  process  by  which  it  is  determined  is  called  the  com- 
positor of  forces^  pp.  97,  93,  99,  100. 

Prop.  34. — ^Any  force  may  be  decomposed  into  any  number 
of  other  forces,  that  shall  be  equivalent  to  it,  by  the  reverse  of 
the  foregoing  operation.  This  process  is  called  the  Resolution 
of  forces^  p.  100. 

Thus  the  force  AR  fig.  1.  may  be  separated  into  two  forces  AB,  AC,  and  the 
force  AR  fig.  2  into  four  forces  AB,  AC,  AD  and  AE. 

Prop,  35. — When  the  forces  act  in  the  same  right  line,  we 
have  only  in  order  to  ascertain  the  spaces  described  by  their 
combined  action,  to  add  or  substract  the  spaces  which  would  be 
described  by  their  separate  action,  according  as  these  forces  act, 
in  the  same  or  opposite  directions. 

Equilihrium. 

Prop.  36. — ^A  body  acted  upon  by  a  pleurality  of  forces, 
will  remain  at  rest,  or  in  equilibrio,  when  if  these  forces 
were  supposed  to  act  in  succession,  each  during  the  same  inter- 
val of  time,  the  body  would  arrive  at  its  point  of  departure. 

The  simplest  and  most  evident  case  of  eguilibrivm  is  that  in 
which  a  body  is  acted  upon  by  two  equal  and  opposite  forces. 


On  the  joint  action  of  an  impulsive  and  a  constant  force. 

A.  fVhen  these  forces  act  in  the  same  right  line. 
Propm  37. — When  the  forces  act  in  the  same  direction^  the 

place  of  the  body  at  the  end  of  any  given  time^  may  be  deter- 
mined, as  in  the  problem  of  the  composition  of  forces,  by  sup- 
posing, fiilBt  that  the  impulsive  force  acts  during  that  time,  and 
then  that  the  action  of  the  constant  force  commences  and  acts 
alone  during  the  same  time;  the  spaces  added  together  will  give 
the  space  passed  over  by  the  joint  action  of  these  forces  during 
the  assumed  time. 

Prop.  38. — ^When  the  forces  act  in  opposite  directions,  the 
place  of  the  body  may  be  ascertained  hy  a  similar  process;  in 
this  case  however  the  spaces  are  to  be  substracted  one  from 
the  other,  pp.  104,  105. 

When  a  constant  force  is  acting  in  a  direction  contrary  to  that 
of  a  moving  body  set  in  motion  by  an  impulsive  force,  the  re- 
tardation that  the  former  produces  may  be  determined  by  com- 
paring the  motion  with  that  of  a  body  moved  by  the  same  force. 

Tbe  degrees  by  'which  an  asceoding  body  losea  its  motion,  are  the  same  as 
those  by  which  it  is  again  accelerated  at  the  same  points,  when  it  has  acquired  its 
greatest  height  and  again  descends,  for  the  velocities  at  the  corresponding  parts  oJt 
the  ascent  and  descent  are  equal.  Thus  we  may  calculate  to  what  height  a  body 
will  rise  when  projected  upwards  by  an  impulsive  force,  gunpowder  for  instance, 
and  reUrded  by  the  force  of  gravity.  Since  the  force  of  graviution  produces  or 
destroys  a  velocity  of  82  feet  in  every  second,  a  velocity  of  820  feet  wili  be  de- 
stroyed in  10  seconds;  and  according  to  what  has  been  premised  a  body  will  fall 
in  10  seconds  through  a  hundred  times  16  feet  or  1600  feet,  which  is  therefore  the 
height  to  which  a  velocity  of  320  feet  in  a  second  will  cariy  a  ball  projecud, 
without  resistance  from  other  cause  than  gravity,  in  a  vertical  direction,^.  104. 

B.  When  these  forces  act  in  different  directions. 

^When  the  successive  directions  of  the  constant  force  are 
parallel. 

Prop.  39. — If  the  constant  force  be  that  of  gravity,  the  suc- 
cessive directions  of  which  are  assumed  to  be  parallel,  the  inves- 
tigation of  the  effects  produced,  constitute  the  doctrine  of  pro- 
jectiles; a  projectile  being  a  body  thrown  in  any  direction  by  an 
impulsive  force  and  at  the  same  time  acted  upon  by  the  force  of 
gravity,  pp.  Ill,  112,  113. 
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Prop.  40. — ^The  place  of  a  projectile  at  the  end  of  any  given 
time,  may  be  determined,  as  in  the  problem  of  the  composition 
-  of  forces,  by  supposing  first  that  the  impulsive  force  alone  has 
acted  during  that  time,  and  then  that  the  action  of  gravity  com- 
mences, and  acts  alone  during  the  same  time. 

Thus  let  A  H  represent  a  hori- 
zontal plane,  andAB,  the  initial 
direction  and  velocity  of  a  body- 
projected  from  the  point  A  in 
the  tame  plane.  If  the  impulsive 
force  alone  acted  on  the  body  it 
would  describe  the  path  AB  V 
13fB^kc,  with  uniform  veloc- 
ity. But  as  the  force  of  gravity 
acts  from  the  moment  of  projec- 
tion, the  body  will  be  drawn 
downwards  from  the  line  AB^ 
so  as  to  be  found  after  the  suc- 
cessive intervals  of  time,  at  the 
pomte  g  ^^,  &c,  and  as  the 
force  of  gravity  produces  a  velocity  which  increases  as  the  squares  of  the  distances^ 
if  the  distances  AB,  B  F,  B'  B«',  B^  B"*  be  equal,  Bg.B^^WgT,  B"'  g^,  &c. 
wiU  be  as  the  squares  of  these  distances,  and  the  path  of  the  projectile  through  the 
points  gfg'g^g^  will  be  a  curve,  and  this  curve  mathematidans  have  called  a 
parabola. 

When  the  successive  directions  of  the  constant  force: 
fend  to  a  common  centre. 

Prop.  41. — ^This  case  constitutes  the  doctrine  of  central  for- 
ces, see  prop.  13.  pp.  86,  87. 

Prop.  42. — ^The  place  of  the  body  at  the  end  of  any  given 
time  may  be  determined  here  also  by  the  problem  of  the  reso- 
lution of  forces. 

Thus  suppose,  A  represent  a  body  ifl4>elled  towards     A      B    IF  _G-_       Sk 
H  with  such  a  force  as  by  itself  would  enable  it  to  run       ""^"  ~  "*""" 

•ver  die  equal  spaces  AB,  BF,  FG,  &c.  in  equal 
portions  of  time:  suppose  likewise  that  it  is  acted 
upon  Oie  same  time  by  a  consUnt  force  which  would 
enable  it  to  pass  over  the  unequal  spaces  AI,  IK, 
Kli,  &c.  in  the  same  equal  portions  of  time.  It  is 
evident,  tiiat  the  joint  action  of  both  these  forces 
would  compel  the  body  A  to  passover  Uie  curvilinear 
path  A  N  O  P,  &c.  Through  B  draw  the  line  BC, 
(vi«.  in  the  centre  of  the  attraction;)  through  I 
drawn  IN  parallel  to  AB;  and  at  the  end  of  tiie  first 
portion  of  time    the    Uody  will    be  found  at    N. 
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Krlience  it  would  proceed  in  the  ttraigbt  direction  NB,  (by  the  first  law  of  motion) 
if  the  constant  force  then  ceased  to  act  But  as  this  force  continues  to  act,  the 
body  at  the  end  of  the  second  portion  of  time  will  be  found  in  O;  for  the  like 
reason,  at  the  end  of  the  third  portion  of  time  it  will  be  found  in  P  and  so  on.  The 
course  then  AN  OP,  is  not  straig^ht  but  consists  of  the  lines  AN,  NO,  0P»  form- 
ilig  certain  angles  with  each  other.  Now  it  will  not  be  difficult  to  conceive  that, 
because  the  attractive  force  acts  not  by  interrals  but  constantly  and  unremitedly, 
the  real  path  of  the  body  must  be  a  polygonal  course,  consisting  of  an  mfinite 
number  of  sides:  or  more  justly  speaking,  a  continuate  curved  line,  which  passes 
through  the  points  A,  N,  O,  P,  kc.  as  is  shown  by  the  dotted  line. 

Prop.  43. — Should  the  action  of  the  centripetal  force  cease 
at  any  instant,  the  body  could  proceed  straight  forward,  p.  60. 

The  portion  of  the  impulsive  force  by  which  this  is  effected 
is  called  the  cerUrifugaly  prop.  14. 

Prop»  44. — ^Whilst  the  distance  from  the  centre  remains  un- 
changed, as  when  the  body  moves  in  a  circular  orbit,  the  cen- 
tripetal and  centrifugal,  forces  are  equal. 

Laws  of  Central  forces. 

Prop.  45. — ^When  bodies  revolve  in  equal  circles,  their  cen- 
trifugal forces  are  proportional  to  the  squares  of  their  velocities. 

Prop.  46. — ^When  two  bodies  revolve  with  equal  velocities 
at  different  distances,  the  centrifugal  forces  are  inversely  as  the 
distances. 

Consequently  (prop.  45,  46.)  the  centrifugal  forces  are  in  all 
cases,  directly  as  the  squares  of  the  velocities,  and  inversely  as 
the  distances. 

Prop.  47. — ^When  two  bodies  revolve  in  equal  times  at  dif- 
ferent distances,  their  centripetal  forces  are  simply  as  their  dis- 
tances. 

In  general  the  centripetal  forces  are  as  the  distances  directly 
and  as  the  squares  of  the  times  of  revolution  inversely. 

Prop.  48. — ^When  the  forces  vary  inversely  as  the  squares  of 
the  distances,  as  in  the  case  of  gravitation,  the  squares  of  the 
times  of  revolution  are  proportional  to  the  cubes  of  the  distances. 
Thus  if  tiie  distance  of  one  body  be  four  times  as  great  as  that  of  another,  the 
cube  of  4  being  64,  which  is  the  square  of  S,  the  times  of  its  revolution  will  be  8 
times  as  great  as  that  of  the  first  body. 

Prop.  49. — Where  the  orbit  deviates  more  or  less  from  a 
circular  form,  a  right  line  joining  the  revolving  body  and  its 
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centre  of  attnction^  always  describes  equal  areas  in  equal  times, 
and  the  velocity  of  the  body  is  therefore  always  inversely  as 
the  perpendicular  drawn  from  the  centre  to  the  tangent. 

Prop.  50. — ^To  propel  a  body  in  an  eliptical  orbit,  the  force 
directed  to  its  focus  must  be  inversely  as  the  square  of  ihe  dis- 
tance. 

HiiB  is  proved  by  astronomical  observstionfl  bat  we  have  no  other  proof  of  it 
The  motion  of  the  planets  round  the  sua  in  the  solar  system 
is  governed  by  the  laws  of  central  forces,  the  centripetal  force 
in  this  case  being  that  of  gravity. 

On  the  Joint  effect  of  active  and  inactive  forces. 

A.  WTien  they  have  opposite  directions. 

Prop.  51. — ^The  effect  of  passive  forces  is  to  restrain  and 
modify  the  action  of  other  forces  so  as  to  confine  the  motion  of 
a  body  to  a  particular  course  or  path,  and  the  direction  of  the 
passive  force  afiecting  a  body  at  any  moment  is  the  line  per- 
pendicular to  that  part  of  this  path^at  which  the  body  is  found 
at  this  moment  If  the  direction  of  the  active  force  be  also 
perpend icuhtr  to  this  path,  the  body  must  evidently  remain  at 
rest,  since  no  part  of  this  force  can  be  resolved  into  the  direction 
of  the  path  in  which  alone  the  body  can  move. 

B.  When  they  have  different  directions. 

General  rule. 

Prop.  52.— Resolve  the  active  force  into  two,  one  perpen- 
dicular, and  the  other  a  tangent  to  the  path  of  the  body,  the 
effect  of  the  former  force  will  be  entirely  destroyed  ( prop.  51) 
and  the  body  will  advance  by  the  latter  alone. 
*  On  the  motion  of  a  body  impelled  obliquely  against  a  place. 

Prop.  53. — ^Let  M  N,  represent  the            -^ 
plane  and  A  B,  the  direction  and  ve- 
locity from   the   impulsive  force,  re- 
solve A  B,  into  the  forces  A  C  pcr-^ 1 % ^ 

pendicular  to  the  plane  and  C  B  in  its  direction,*  then  by  the 
general  rule  {prop  52.)  the  body  will  move  along  the  plane 
with  a  velocity  of  which  C  B  is  the  measure. 
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*  *  On  the  motum  of  a  body  impelled  obliquely  against  a 
curmd  surface. 

Prep.  54. — Let  M  N,  represent  the  ttf  ^ C  H 

curve  and  AB  the  direction  and  velocity 
from  the  impulsive  force.  Resolte  AB 
into  two  forces  CB  perpendicular  to  the 
curve  at  B  and  BD  (equal  to  AC)  a  tan- 
gent to  the  curve  at  the  same  point  Then  B  D  will  represent 
the  velocity  at  the  point  B. 

Prop.  55.— *If  the  curve  be  interrupted  at  any  point,  or  change 
tike  direction  of  its  concavity  the  body  vt^tU  advance  with  its  last 
velocity  in  a  tangent  to  the  curve  at  that  point 

*  *  *  On  the  descent  of  a  bodjf  along  an  inclined  plane 
Prop.  56. — ^LetMN  represent  ^ 

an  inclined  plane  and  AB(perpen* 
dicular  to  the  horizontal  base  H 
N)  the  force  of  gravity,  as  mea- 
sured by  the  distance  which  it 
would  cause  a  body  to  descend  in 
the  first  second  of  time.     Resolve 

AB  into  two,  AC  perpendicular  to  the  plane  and  CB  in  its  direc- 
tion, then  the  body  will  be  urged  down  the  plane  by  a  constant 
force  measured  by  CB. 

Laws  of  the  descent  of  bodies  down  inclined  plarieSi 

Prop.  51. — 1st  The  motion  of  a  body  down  an  inclined 
plane  is  uniformly  accelerated. 

Prop.  58. — ^2d.  The  Velocity  acquired  is  proportional  to  the 
perpendicular  descent,  so  that  a  body  falling  from  M  to  H  has 
the  same  velocity  at  H  as  one  descending  the  whole  length  of 
the  plane  at  N» 

Prop.  59. — 3d.  The  times  of  descent  dov^n  planes  of  the 
same  height  are  as  their  lengths* 

Prop.  60. — 4th.  The  times  of  descent  down  all  planes 
which  are  chords  drawn  to  the  lowest  point  of  the  same  circle, 
are  equah 
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Thus  if  the  baU«,  A»  B,  C,  be  plftced  at  the  difierent 
points  of  the  circle  end  saffered  to  deicend  »t  the  ume 
instant  along  as  many  planes  which  meet  at  the  lowest 
point  of  the  circle,  they  will  arriTe  there  at  the  same 
time. 

Or  it  may  be  enunciated  in  the  follow- 
ing terms,  the  times  of  descent  down  all  the 
chords  drawn  from  the  same  point  or  cir^ 
cumference  of  a  circle  will  be  the  same. 

This  will  be  made  evident  by  supposing  the  above  figure  inverted,  D  being  made 
the  upper  point  and  the  balls  allowed  to  fall  from  that  point  to  A,  B,  and  C.  * 

***^  On  the  descent  of  a  body  down  a  vertical  curved  line. 

Prop.  61. — 'The  times  of  descent  down  the  chords  of  differ- 
ent circles  are  t6  each  other  as  the  square  roots  of  their 
diameters. 

Prop.  62. — If  a  body  fall  from  a  state  of  rest  down  a  verti- 
cal curve,  the  velocity  acquired  is  equal  to  that  which  it  would 
have  by  falling  through  the  same  perpendicular  height. 

For  if  the  curve  be  considered  as  made  up  of  an  infinite  number  of  contiguous 
planes,  it  is  evident  that  the  angle  of  inclination  of  any  two  of  these  adjacent 
planes  is  infinitely  small,  or  nothing  and  consequently  there  is  no  velocity  lost  by 
a  change  of  direction  in  passing  from  one  to  the  other.  Therefore  as  the  effect  of 
gravity  is  not  impeded  the  truth  of  the  proposition  becomes  evident. 

Prop.  63. — If  a  body  be  projected  up  a  curve,  the  perpendi- 
cular height  to  which  it  will  rise  is  equal  to  that  through  which 
it  must  fall  to  acquire  the  velocity  of  projection.  For  the 
body  in  its  ascent  will  be  retarded  in  the  same  degree  tliat  it  was 
accelerated  in  its  descent. 
*  Thus  let  B  A  F  be  a  curve  in  which  the  lowest  point 
is  A,  and  the  parts  AB,  ASf  are  similar  ;  a  body  in 
falling  down  B  A  will  acquire  a  velocity  that  will  car- 
ry it  to  F,  and  since  the  velocities  in  all  equal  alti- 
tudes in  the  ascent  aqd  descent  are  equal,  the  times  of 
ascent  and  descent  are  equal. 

The  foregoing  proposition  is  equally  true  whether  the  body 
actually  move  over  a  solid  surface  or  be  retained  in  its  nath  by 
a  string  which  is  in  every  part  perpendicular  to  it. 
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Of  the  simple  Pendulum, 

Prop.  64. — ^The  simple  pendulum  is  conceived  to  be  a  mere 
material  point  suspended  by  an  imponderable  and  ioextensible 
thread,  p.  105. 

Prop.  65. — If  the  simple  pendulum  vibrate  through  very  small 
arcs,  these  m$y  without  sensible  error,  be  conceived  to  coincide 
with  their  chords,  and  we  may  derive  from  this  consideration 
the  following  theorems. 

1st.  As  the  times  of  descent  of  a  body  down  different  chords 
of  the  same  vertical  circle  are  equal  (prop  60.)  the  vibrations  of 
the  same  pendulum,  although  performed  through  unequal  arcs, 
will  be  very  nearly  equal,  p.  106. 

2d.  The  times  of  vibrations  of  different  pendulums  will  be  to 

each  other  as  the  square  roots  of  the  lengths  of  these  pendulums, 

or,  which  is  the  same  thing,  that  their  lengths  are  proportional  to 

the  squares  of  the  times  of  vibration,  p.  107. 

The  times  of  descent  down  the  chords  of  dilFerent  circles  are  the  same  as 
would  be  occupied  in  descending  yertically  through  their  diameters  and  are  eoase-  • 
qnentiy  proportional  to  the  square  roots  of  these  diametersL 

0/  the  impact  of  Bodies. 

Prop.  66. — When  a  body  in  motion  strikes  directly  another 
body,  it  always  communicates  motion  to  the  second  body,  and 
loses  part  of  its  own,  and  from  the  third  law  of  motion  it  is  evi- 
dent that  the  momentum  gained  by  the  second  body  is  exactly 
equal  to  that  lost  by  the  first. 

Prep.  67. — ^When  one  non-elastic  body  strikes  against  an- 
dther,  the  two  bodies  will  move  on  together,  since  there  is  no 
force  to  separate  them  ;  and  as  one  of  the  bodies  gains  all  the 
momentum  which  the  other  loses,  the  momentum  after  impact 
will  be  equal  to  the  sum  of  the  momenta  before  impact 

Prop.  68, — ^When  an  elastic  body  strikes  against  aootiier,  the 
second  is  impelled  forward  with  double  the  momentum,  which 
it  would  have  received  under  the  same  circumstances  if  non- 
ekstic. 

For  at  the  moment  of  impact  the  form  of  the  bodj  struck  is  changed  by  a  force 
•qniTalent  to  the  mMnentom  which  it  receives  from  the  strikhig  body,  and  if  this 
body  be  perfectly  elastic,  its  form  will  be  restored  to  it  by  a  force  exactly  equal  to 
that  by  ^itech  it  was  changed,  and  this  force  (which  we  hate  just  seen  to  be  equal 
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to  the  origintl  impulse,)  will  be  exerted  in  driviog  the  bodj  forward.    'Ae  bodjr 
tfani  reeeivee  besides  its  original  impulse  the  equal  force  of  the  re-bound. 

Prop.  69. — The  striking  body  when  elastic^  is  also  acted 
upon  by  the  re-bound,  and  loses  twiee  as  much  momentum  as  it 
would  have  lost  if  non-elastic. 

In  this  case  as  in  the  former  the  sum  of  the  momenta  is  the 
saffifi  after  impact  as  before  it;  but  the  bodies  after  impact  do  not 
move  on  together. 

Prop.  70. — ^If  an  elastie  body  strike  ag&inst  a  firm  plane,  the 
•nf^e  of  reflection  yrill  b^  e^ual  to  the  angle  of  incidence,  p.  114. 
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PART  n. 

THS  FUKDAMKHTAL  TTUJTMJS  USBD  TO  SXVLAUC  THE  FBCITLIUU- 
TIE8  OF  8TATX  AVO  HOTIOS  WHICH  DJBPHH9  OH  THE  90LID 
FORK  OF  ,80X>XJ»:  A  HHFAHTISHHT  COMMOHLT  CAJULBD  ME- 
CHAKICS. 

AViij^iu  ov  TBa  cbavteb.* 

Ji  fwu  vihuh  mtvupart  jqfa  BoUd  hod^y  mmt  affect  ihe  tohok  or  hreak  offiht 
pari. 

J^ihefifree  be  dSneted  iewarde  a  emMt  peIkU  «i  iht  ma$$,  U  wUi  i^fiei  the 
Ufhoie  equgifyy  mkeiker  jwnply  t^  wppmt  Mf  mm^  m-  $0  wfM  tT,  «r  te  9$op 
ii  uAen  wi  motion.  l%e  point,  imcerdmg  to  eireumetaneet,  i$  ealM  the  cnr- 
TRE  or  GRATirr,  or  nrcRTiA,  or  of  action. 

Ji  eotid  bodieenummgakoHi  on  «rw»  ae  exempl^fiedin  a  wheel  or  weighing  beam, 
the  porioue  parte  are  deeeriking  eireUe  or  moomg  throngh  epaeee,.  which  are 
greater  mpreportion  to  their  reepefitiee  dietameee  from  the  centre  qf  amtion, 
JOeneefireee  digMng  from  each  ether  ae  to  apeed,  may  etUl,  through  a  eoHd 
mediwn,  be  brought  exactly  to  eiHfperate  or  to  oppoee  each  other;  and  a  alow 
force  will  counterbalance  or  be  eqmoaient  te  a  guidter  one,  provided  that  it 
be  more  inteneeinpreporiien  aeitie  elower.  The  eatriM  »ULt«Uiwe  called 
itMvsM,  liRSH.  Aim  Aa,%,  rvuLft  nrci49SD  FLAJO^  wn)OB»  eenxwp  4rc 
are  eo  many  arrangement  qfeolid  parte,  by  which  forcee  iffdigcrent  velocitiee 
and  inteneitiee  may  be  thue  connected  or  oppoeed,  or  eoneenieatly  eubetitutcd 
for  each  other. 

My  eokdeenneeting  parte  aleo  the  Oreetionqf  any  efditing  motion  or  fireemayr 
beekmgedfOMwhentheetraightmotion^rmmngwaterieeonoertodimbothe 

,  rotatory  motion  if  a  water  wheel,  f(c.  Hence  arieee  an  endieee  variety  of  oo^-^ 

PUEZ  MACKHm. 

JH  aU  maehmee  it  ie  (ay^ortani  ta  Ommi^  the  reeittance  among  mooing  parte 
which  arieeefrom  wKvonon,  and  m  enUd  etructwree  generally,  the  forme  ami 
poeOione  Oporto  nmet  be  adfneted  to  ihe  wnmmami  or  ths  MAtmBjAM,  and 
to  the,  etraine  wMfA  the  parte  heme  to  bear. 

**  SoHd*'  is  the  teem  applied  to  a  maaa  in  wbkh  the  mutual 

attraetik>ii  of  the  atoms  is  so  strong,  that  the  mass  may  be'teored 


*71ie  raider  »b(iiiM  hen  fipenKetfwSia«r»ltaMt«rQ»opM  It  ptfe.  4& 
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about  as  one  body>  without  the  relatiye  poaitions  of  the  compo- 
Dent  atoms  being  thereby  disturbed. 

"  Force  moving  part  of  a  solid,  must  effect  the  whole  or 
break  off  the  part. '' 

This  is  a  necessary  consequence  of  the  description  or  defini- 
tion of  a  solid  just  given.  And  it  follows  that  in  all  cases  of 
breaking,  the  cohesion  of  the  atoms  at  the  fractured  part  must 
have  been  less  strong  than  the  weight  of  the  remaining  mass,  or 
its  inertia  resisting  the  degree  of  change  attempted,  or  the  force 
fixing  it  to  its  place^  or  than  some  combination  of  these  particu- 
lars. 

The  sharp  blow  of  a  haiqmer  given  to  an  ivory  ball,  causes, 
it  to  dart  ofi*  swiftly,  but  does  not  injure  it,  because  the  cohesion 
among  the  atoms  struck  is  stronger  then  the  inertia  of  the  mass, 
even  under  a  rapid  change:  but  the  blow  of  the  hammer  on  a 
large  elephant's  tusk,  indents  or  breaks  the  part,  because  the 
inertia  of  the  larger  mass  is  stronger  then  the  cohesion  of  the 
atoms  which  receive  the  blow. 

A  vessel  of  pottery-ware  may  be  safely  suspended  by  its 
handle:  proving  that  the  cohesion  which  fixes  the  handle  to  it> 
is  stronger  than  the  weight  of  the  vessel;  but  if  the  attempt  be 
made  to  lift  die  vessel  quickly,  the  handle  may  rise  and  leave 
the  body  behind;  because  then  the  weight  and  inertia  are  ac- 
ting together  to  destroy  the  cohesion.  Thus  servants  attempt- 
ing to  lift  too  quickly  the  loaded  stone-ware  dishes  at  a  dionAr 
table,  often  break  oS  the  part  by  which  they  take  hold. 

"  Centre  of  Chamty  or  InertiaJ^ 
If  any  uniform  beam  or  rod  be  supported  by  its  middle^  like 
a  weighing  beam,  the  two  ends  will  just  balance  each  other. 
This  is  in  accordance  with  die  general  truth  or  law  of  attraction 
dready^ezplained;  for  as  th^^  is  just  as  much  similarly  situated 
matter  on  one  side  of  the  support  as  on  the  other,  there  will 
also  be  just  as  much  attraction,  and  therefore  no  reason  why  the 
matter  on  one  side  should  overpower  that  on  the  other.    If 
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equal  weights  be  afterwards  attached  at  corresponding  situations 
on  the  two  aims  of  the  beam^  the  balance  will  not  be  thereby 
disturbed;  and  the  operation  of  adding  weights  that  counterpoise, 
above  and  below,  and  near  and  far  from  the  centre,  may  be 
continued,  until  a  bulky  mass  is  built  up  upon  the  beam— or  in- 
stead of  a  beam  a  wheel  may  be  used — yet  the  whole  will  re- 
main perfectly  supported  and  in  equilibrium  about  the  original 
centre.  Now  in  every  body  or  mass,  or  system  of  connected 
masses,  in  the  universe,  there  is  a  point  of  this  kind  about 
which  all  the  parts  balance  or  have  equilibrium,  and  it  is  this 
point  which  is  called  the  centre  of  gravity  or  of  inertia.  Al- 
though in  any  mass,  therefore,  every  atom  has  its  separate  gra- 
vity and  inertia,  and  the  weight  and  inertia  of  the  whole  are 
really  diffused  through  the  whole,  still  by  supporting  this  one 
point,  either  from  above  or  below,  the  whole  mass  is  equal- 
ly supported;  by  lifting  it,  the  whole  is  lifted;  by  stopping  it,' 
the  whole  is  brought  to  rest:  and  when  this  centre  rises  or  falls, 
the  whole  mass  is  really  rising  or  falling.  Thus  for  many  pur- 
poses a  body,  however  large,  may  be  considered  as  compressed 
into  or  existing  only  in  this  single  point,— its  centre  of  grtMrn- 
ty  or  inertia. 

This  centre  in  a  mass  of  regular  shape  and  of  uniform  sub- 
stance^ as  in  a  ball  or  cube  of  metal,  is  easily  found,  because  it 
is  the  evident  centre  of  the  form;  but  in  bodies  that  are  irregu- 
lar, either  as  to  density  or  form,  it  must  be  found  by  rules  of 
ealcutetion,  hereafter  explained* 

To  say  that  the  centre  of  gravity  will  always  take  the  lowest 
situation  which  the  support  of  the  body  will  allow,  is  only  to 
repeat,  that  bodies  tend  by  their  gravity  towards  the  centre  of 
the  earth.  In  a  suspended  body,  therefore,  as  the  lowest  situa- 
tion which  the  centre  of  gravity  can  find  is,  when  it  is  immedi- 
ately under  the  point  of  suspension,  all  bodies  hanging  freely 
most  have  their  centre  of  gravity  directly  under  this  point.  A 
plummet  is  an  interesting  example  of  this;  and  the  truth  fur- 
nishes, in  many  cases  of  irregular  masses,  a  very  simple  prac- 
tical mode  of  finding  the  centreu 
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Thus  If  an  hreguhr  piece  of  plank  or  of  paste* 
>^  board,  represented  here  by  the  fignte  aeb  d^ht 
fluspended  from  any  pointi  as  a^  and  the  cord  of  > 
a  plummet  a  ^  be  attached  at  the  same  point,  the 
centre  of  gravity  of  the  board  must  be  ttomewhere 
in  the  direction  of  the  plummet,  and  a  chalk  line 
left  on  the  board  where  the  cord  touched  it,  must 
pass  over  the  centre  of  gravity.  If  the  board  be 
then  suspended  by  another  point,  as  tf,  and  another  chalk  line 
rf  e  be  made  in  the  same  manner,  the  place  c,  where  the  two 
lines  ctoss  or  cut  each  other^  will  indicate  the  centre  of  gravity; 
and  the  board,  when  supported  by  a  cord  attached  there,  will 
hang  evenly  balanced. 

The  following  cases  farther  illustrate  the  truth,  that  the  centre 
of  gravity  always  seeks  the  lowest  place.  They  seem  at  first 
to  be  exceptions  to  the  law;  but  when  more  fully  considered, 
ore  interesting  proofs  of  it. 

^*«-a^  A  wooden  cylinder  or  roller  e  d  e^  placed 

a^     "^  on  a  slope  or  inclined  plane  a  i,  will  natu- 

V  qL^  rally  descend,  because  its  centre  of  gravity 
e^^"^^^^"^  \  is  thereby  approaching  the  earth;  but  if  there 
tie  a  heavy  mass  of  lead  e  introduced  at  oOe  side,  which  must 
rise  before  the  roller  can  descend,  the  rise  being  contrary  to 
gravity,  the  motion  will  be  arrested.  Indeed,  if  the  roller  were 
placed  on  the  plane  with  the  lead  in  the  position  cf,  this  would 
fall  down  to  the  position  e,  and  so  would  move  the  roller  to- 
wards i,  exhibiting  the  singular  phenomenon  of  a  body  rolling 
up  hill  by  the  action  of  its  weight 

If  a  billiard  ball  be  placed 
upon  the  small  ends  of  two 
biHiard  sticks  or  cues  a  h 
and  c  d,  laid  on  a  table 
with  their  points  e  and  a 
h  in  eontact,  but  with  the 
larger  ends  b  and  if  so  far  apart  that  the  ball  may  He^  touching 
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the  table,  between  them,  the  ball  wiH  roll  along  between  the 
cues,  from  its  high  sitiiatton  near  their  points,  to  itsloweV  situa- 
tion near  ».  To  a  careless  observer,  it  would  then  have  the 
appearaooe  of  rolling  upwards,  because  the  cues  are  thicker  to- 
wards the  ends  d  and  b;  but  it  would  really  bo  descending  in 
obedience  to  gravity.  If  a  double  cone,  as  represented  at  /, 
were  substituted  for  the  ball,  it  also  would  roll  from  c  to  c,  and 
with  still  more  of  the  fallacious  appearance  of  rolling  upwards, 
because  its  ends  would  always  be  resting  on  the  upper  and  ri- 
sing surface  of  the  cues. 

The  board  or  stick  c  d  resting  on 
the  edge  of  the  table  a  b  would  na- 
turally fall  if  left  to  itself,  because 
more  than  half  of  it  is  beyond  the 
edge  of  the  table;  but  a  weight  e  at^ 
tached  to  it  at  b  by  the  cord  e  i,  in- 
stead of  pulling  it  down  Caster,  shall  fix  or  steady  it,  provided 
the  weight  be  pushed  inwards  a  little  by  a  rod  d  e  resting  against 
the  weight  and  against  a  niche  in  the  stick  at  d.  It  is  evident 
that  the  stick  e  d,  in  falling,  must  turn  round  the  edge  iof  the 
table  at  &;  but  in  so  doing,  after  the  arrangement  now  made^ 
it  must  lift  the  weight  e  along  the  path  e  /-—which  rise,  as  the 
weight  is  heavier  than  the  stick,  gravity  forbids,  and  therefore 
the  stick  and  weight  will  both  remain  supported  by  the  table. 
An  umbrella  or  walking  cane,  hanging  on  the  edge  of  a  table  by 
a  crooked  handle,  is'an  instance  of  the  same  kind. 

By  attending  to  the  centre  of  gravity  of  the  bodies  around  us 
on  earth,  we  are  enabled  to  explain  why,  from  the  influence  of 
gravity,  some  of  them  are  stable  or  firmly  fixed,  others  tottering, 
others  falling. 

'  If  we  find  that  a  body^  from  its  form  or  position,  cannot  be 
overturned  without  its  centre  of  gravity  being  lifted,  knowing 
corw  that  the  whole  mass  must  then  be  lifted  in  the  same  degree, 
we  see  why  a  weak  cause  cannot  effect  it  The  rise  of  the  cen- 
tre of  gravity,  or  body,  io  any  case  of  falling  oxer,  will  be  pro- 
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portioned  to  the  breadth  of  the  sustaining  base  of  the  body,  com- 
pared with  the  height  of  its  centre  of  gravity  above  that  base. 
This  is  shown  in  the  annexed  figures,  in  which  the  two  parti- 
culars of  base  and  height  are  combined  in  a  series  of  proportions. 
In  all  the  figures,  c  or  a  dot  marks  the  place  of  the  centre  of  grav- 
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ity,  and  the  curved  line  beginning  from  the  centre  marks  its  path 
when  the  body  is  overturned.  This  curved  line  is  a  portion  of 
a  circle  which  has  the  edge  or  extremity  of  the  base  6,  as  a  cen- 
tre,  because  the  body  in  turning  must  rest  upon  such  extremity 
or  corner  as  the  centre  of  its  motion.  The  farther  inwards, 
therefore,  from  this  extremity  that  the  centre  of  gravity  is,  as 
marked  by  where  a  plumb  line  j9,  hanging  from  it,  crosses  the 
base,  the  farther  of  course  is  the  centre  of  gravity  from  the  top 
of  the  circle  which  it  has  to  describe  in  moving,  and  the  steeper, 
consequently,  will  be  its  commencing  path  :  and  here,  as  in  the 
case  of  rolling  bodies  up  slopes,  the  steeper  the  ascent,  the  greater 
will  be  the  force  necessary  to  give  motion. — The  line  of  a  plum- 
met hanging  from  a  centre  of  gravity  is  called  the  line  qf  direc- 
tion of  the  centre,  or  that  in  which  it  tends  naturally  to  descend 
to  the  earth. 

In  fig.  A,  which  has  broad  base  and  little  height  of  the  centre 
of  gravity,  we  see  that  this  must  rise  almost  perpendicularly  be- 
fore it  can  fall  over,  and  the  resistance  to  overturning  is  there- 
fore nearly  equal  to  the  whole  weight  of  the  body.  Hence  the 
firmness  of  a  p3nramid. 

In  figures  B,  C,  and  D,  progressively,  the  commencing  path 
of  the  centre  is  less  and  less  steep,  i^nd  the  bodies  are  so 
much  the  less  stable.  B  may  represent*  an  ordinary  house,  C  a 
tall  narrow  house,  and  D  a  lofty  chimney. 

Fig.  £  shows  a  tottering  position,  for  the  centre  of  gravity 
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being  directly  over  the  base,  which  is  a  mere  point,  the  least  in- 
clination places  it  on  a  descending  slope,  and  the  body  must  fall. 


In  F  the  position  is  tottering  on  one  side,  and  stable  on  the 
other.  This  explains  how  the  least  inclination  of  a  standing 
body  virtually  narrows  its  sustaining  base. 

In  G,  which  represents  a  ball  upon  a  level  plane,  the  whole 
mass  is  supported  on  a  single  point  as  in  E,  yet  the  body  has  no 
tendency  to  move,  because  in  any  other  possible  position  the 
centre  would  still  be  as  far  from  the  sustaining  plane.  In  mo- 
ving, the  centre  will  describe  the  straight  level  line  a  b. 

In  H  the  ball  is  on  an  inclined  plane,  and  rolls  down,  the 
centre  of  gravity  describing  the  oblique  line  b  a. 

In  I,  which  is  an  oval  body  on  a  level  plane,  when  the  body 
is  moved,  the  centre  of  gravity  describes  the  curve  seen  in  the 
figure,  like  that  of  a  pendulum.  Hence  an  oval  body  on  a  le- 
vel, rocks  or  vibrates  like  a  pendulum. 

K  is  a  true  pendulum  whose  centre  of  gravity  describes  the 
curve  here  shown;  as  explained  in  the  first  chapter,  at  page  105. 
The  importance  of  the  subject  of  the  centre  of  gravity  will  be 
farther  judged  of  by  the  facts  which  are  now  to  be  reviewed. 
A  cart  loaded  with  metal  or  stone  may  go  safely  along  a  road 
of  which  one  side  is  higher  than  the  other,  as  is  here  shown; 
but  were  the  same  cart  loaded  with  wool  or  hay  it  would  be 
overturned  because,  although  the  sustaining 
base  be  the  same  in  the  two  cases,  the  line  of 
direction  falls  much  within  it  from  the  low 
centre  of  gravity  of  the  metal  at  r,  but  falls 
very  near  the  wheel  at  p,  or  altogether  on  the 
outside,  from  the  high  centre  of  the  wool,  at 
a,  and  in  the  latter  case  the  centre  has  a  blU 
ing  pattk 
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This  explains  why  lofty  stage  coaches  or  vans  are  so  danger- 
OQS  particularly  when  heavy  luggage  is  placed  upon  the  top,  and 
why  lofty  gigs  and  curricles  are  causes  of  so  many  fatal  accidents. 
As  regards  any  of  these,  a  slight  defect  of  smoothness  or  of  level 
in  the  road,  or  even  a  slight  lateral  bend  in  a  case  of  quick 
(Irivnig,  suffices  to  produce  the  catastrophe.  The  safety  coach- 
es of  late  times  are  made  with  the  wheels  far  apart  to  give  a 
broad  base,  and  with  the  luggage-receptacles  and  seats  for  the 
outside  passengers  placed  low  down  before  and  behind  the  body 
of  the  carriage,  instead  of  on  the  top  as  formerly. 

The  feet  of  tripods  are  generally  expanded  below  to  give  o 
broad  base.  The  same  is  true  ot  onr  common  chairs;  but  a 
thoughtless  child  often  leans  so  far  over  the  back  of  a  chair, 
that  he  causes  the  line  of  the  general  centre  of  gravity  to  fidl 
beyond  the  hise,  and  the  chair  with  ita  load  ia  overturned.  The 
small  lofty  chairs  made  to  raise  diildren  to  the  parents'  elbow 
at  the  ditiner  table,  are  very  dangerous  if  the  feet  are  not  made 
to  spread  much.  Pillar-and-claw  tables,  oandlesticks,  tables 
lamps,  and  many  other  articles  of  faooaehold  furniture,  have 
stability  given  in  the  same  manner. 

The  least  inclination  of  a  standing  body  virtually  narrows  the 
supporting  baae. 

This  truth  is  explained  by^.  F.  It  shows  the  necessity  of 
building  the  thin  walls  and  tall  chimneys  of  modem  houses  per- 
fectly upright.  And  hence  the  extreme  importance  and  utility 
of  that  simple  instrument  the  plummet  or  plumb-line^  which 
when  applied  to  a  body,  is  a  visible  indication  of  the  line  of  its 
centre  of  gravity.  The  mason  and  many  other  workmen  can- 
not proceed  a. step  without  their  guiding  plummet. 

The  brick  walls  of  modern  houses  are  so  thin,  that,  to  have 
standing  strength,  they  require  to  rest  against  each  other;  and 
hencc^  they  occasionally  exhibit  the  kind  of  stability  which  be- 
longs to  a  child's  house  built  of  cards.  As  contrasted  with  the 
masses  of  masonry  which  remain  to  us  from  antiquity,  resting 
on  firm-spreading  basements,  they  are  examples  of  what  is  truly 
ephemeral,  in  comparison  with  that  which  has  partaken  of  the 
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peramnenty  of  niutare'a  own  works^  and  has  covered  regiooB 
with  mighty  nitii«.  What  aiagnificent  illustratiooa  of  atreng^b, 
and  dorabiUtf  ariatog  from  proportion,  are  thoae  ancient  pyra- 
mida  and  teaoplea,  which  atill  give  aueh  interest  to  the  banks  of 
the  Nile,  and  to  the  valleys  and  plains  of  Asia! 

There  are  many  remarkable  structurea  on  earth  which  lean  or 
incline  a  little:  but  to  long  aa  the  line  of  their  centre  of  gravity 
remains  within  the  faaae^  and  the  paiis  of  the  mass  have  tenacity 
among  tiiemsdvea  anfficieot  to  bold  together,  the  structure  will 
atand.  The  famous  tower  of  Piaa  Wbm  built  intentionally  incli- 
ning, to  frighten  and  surprise:  with  a  height  of  one  hundred  and 
thirty  feet,  it  oveiiiangs  ita  haae  sixfteen  ieet,  and  assueses  neai^ 
ly  the  air  of  Fig.  F,  in  page  147« 

The  tall  monumeat  near  London  Bndga  inclines  no  noch, 
that  in  high  winds  from  a  particular  quarter,  timid  minds  begin 
to  doubt  of  its  stability. 

And  many  of  the  roost  lofty  and  beautiful  of  our  eathedral 
spines  or  towers,  as  that  of  Salisbury,  &c.,  have  lost  something 
of  their  .p«rpendkularity. 

An  oval  body  on  a  flat  level  sur&ce,  aa  already  explained  by 
fifr  If  |Mge  147,  oscillates  somewhat  like  a  pendulum,  because 
wben  diaturbed  from  its  middle  position,  its  centie  of  gra- 
vity has  risen  and  seeks  to  return.  The  same  is  true  of  the  half 
of  any  solid  globe:  and  such  will  always  come  to  rest  witii  its 
plane  face  turned  directly  upwards. 

The  rocking  horse  of  children  and  the  common  cradle  are  ex- 
emplications  of  tiie  same  phenomenon. 

^  But  perhaps  the  most  curious  instances  are  those  rocks  called  1 1 
liOggaa  or  Lag^ui  stones,  of  which  there  are  several  among  the 
picturesque  harriers  of  the  firitiah  coast  An  immense  mass, 
loosened  in  some  convtdsion  of  natmie,  is  found  with  a  dightly 
rounded  base  resting  on  a  flat  surface  of  rock  below;  and  is  so 
nearly  balanced,  that  the  force  of  one  individual  suffices  to  more 
it  Some  of  these  have  been  objects  of  ^much  superstitious  ve^ 
Deration  to  their  neighbourhood. 

There  is  an  amuaing  Chinese  toy,  made  in  obedience  to  the 
same  principle.    It  has  the  appearance  of  a  little  fat  laufj^ng 
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man,  sitting  with  his  feet  concealed  under  him;  but  where  the 
feet  should  be,  the  figure  has  a  rounded  smooth  surface,  with 
heavy  lead  ballast  in  it,  placed  so  low,  a5  always,  when  allowed, 
to  raise  the  body  to  the  erect  or  sitting  attitude.  A  child  push- 
es the  little  fellow  down  again  and  again,  and  would  persuade 
him  to  repose,  but  is  surprised  to  see  him  always  up  the  mo- 
ment after,  shaking  about  and  as  lively  as  ever. 

The  vibratory  motion  of  a  pendulum,  as  dependent  upon  the 
centre  of  gravity  having  been  moved  from  its  lowest  place 
which  it  again  constantly  seeks,  was  so  fully  considered  in  the 
last  chapter,  that  it  need  not  be  again  dwelt  upon  here.  The 
following  are  other  phenomena  of  the  same  class. 

The  vibrations  of  a  common  swing. 

The  rocking  of  a  balloon  when  it  first  ascends. 

The  spontaneous  shutting  of  those  gates  or  doors  which  are 
suspended  on  the  hinges  so  as  to  have  somewhat  of  a  forward  or 
downward  inclination,  when  in  the  shut  position.  .Such  a  gate 
always  returns  of  itself  to  the  shut  position,  from  either  side, 
just  as  a  pendulum  returns  to  the  lowest  part  of  its  arc. 

The  rocking  or  polling  of  a  ship,  in  particular  states  of  the 
wind  and  sea.  When  the  centre  of  gravity  of  a  ship  is  too  low, 
owing  to  all  the  heavy  load  being  placed  near  the  keel,  this  pen- 
dulum-motion, in  rough  weather  becomes  excessive  and  dan- 
gerous. 

The  actions  and  postures  of  animals,  and  particularly  of  man, 
illustrate  beautifully  the  observations  made  above,  with  re- 
spect to  the  centre  of  gravity. 

A  body,  we  have  seen,  is  tottering  in  proportion  as  it  has 
great  altitude  and  narrow  base — but  it  is  the  noble  prerogative 
of  man  to  be  able  to  support  his  towering  figure  with  great  firm- 
ness, on  a  very  narrow  base,  and  under  constant  change  of  atti- 
tude. This  faculty  is  acquired  slowly  because  of  the  difficulty. 
A  child  does  well  who  walks  at  the  end  of  ten  or  twelve  mouths; 
while  the  young  of  quadrupeds,  which  have  a  broad  supporting 
base,  are  able  to  stand  and  even  to  move  about  almost  imme- 
diately. 
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The  supporting  base  of  a  man  consists  of  the  feet  and  the  space 
between  them.  The  advantage  of  turning  out  the  toes  is,  that 
without  taking  much  from  the  length  of  the  base,  it  adds  a  good 
deal  to  the  breadth. 

If  there  be  considerable  art  in  walking  on  two  perfect  feet, 
there  must  be  still  more  in  walking  on  two  slender  wooden  legs 
with  rounded  extremities  : — ^which  we  often  see  done,  never- 
theless, by  mutilated  soldiers  and  sailors. 

All  the  ladies  of  the  empire  of  China  have  to  acquire  nearly 
the  same  talent  as  these  victims  of  war ;  for  barbarous  custom 
has  crippled  them,  by  confining  their  feet  for  life,  in  the  shoes 
sluch  fitted  them  in  infancy. 

^3ut  surpassing  in  difficulty  any  of  these  instances  is  the  prac- 
tice of  walking  on  stilts,  which  is  general  among  the  inhabitants 
of  the  sandy  plains  called  Les  LandeSy  in  the  south-west  of 
France.  These  plains  a£ford  tolerable  pasturage  for  sheep ;  but 
during  one  portion  of  the  year  they  are  half  covered  with  water, 
and  during  the  remainder  they  are  still  very  unfit  walking- 
ground,  by  reason  of  their  deep  loose  sand  and  thick  furze. 
The  natives  combat  the  inconveniences  of  all  the  -seasons  by 
doubling  the  length  of  their  natural  legs,  through  the  addition  to 
them  of  the  stilts  mentioned,  which  they  call  des  Schasses. 
These  are  wooden  poles,  put  on  and  ofi*  as  regularly  as  the  other 
parts  of  their  dress.  The  people,  when  raised  upon  them,  ap- 
pear to  strangers  a  new  and  extraordinary  race  of  long-legged 
beings,  marching  readily  over  the  loose  sand,  or  through  the 
water,  with  steps  of  eight  or  ten  feet  in  length,  and  with  speed 
equalling  that  of  a  trotting  horse ;  their  moderate  journeys  being 
ef  thirty  or  forty  miles  in  a  day.  The  shepherds,  while  watch- 
ing their  flocks,  post  themselves  in  convenient  stations,  with  a 
long  stafiT  to  support  them  behind,  and  having  a  rough  sheep-skin 
cloak  and  cap  to  cover  them  above,  like  a  thatched  roof,  they 
appear  like  little  watch-towers,  or  singular  lofty  tripods^  scatter- 
ed over  the  face  of  the  country. 

Still  beyond  the  art  of  walking  on  stilts  is  that  which  some 
persons  attain  of  walking  and  dancing  on  a  single  rope  or  wire; 
or  even  of  keeping  the  centre  of  gravity  above  the  base,  while^ 
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daneer  usudly  carries  a  long  pole  in  hia  hand,  to  balance  him;  it 
is  loaded  at  each  end,  and  when  be  inclines,  he  throws  it  a 
little  towards  the  side  required,  that  the  re-action  may  restore 
his  body  to  perpendicularity. 

Much  art  of  the  same  sort  is  shown  in  the  attitudes  and  evo- 
lutions of  the  skaiter;  in  the  amusements  of  supporting  a  stick 
upright  on  the  end  of  the  finger;  and  in  many  other  feats  of  a 
like  kind. 

MHtudes  genendly  depend  on  the  necessity  of  keeping  the 
centre  of  gravity  of  the  body  over  the  base  uuder  variety  of 
circumstance.  The  following  are  examples: — the  straiglit^ 
upright  port  of  a  man  who  carries  a  load  on  his  head; — the  I 
ing  forward  of  one  who  carries  it  on  his  back;^-the  hanging 
backwards  of  one  who  bears  it  between  his  arms; — the  leaning 
to  one  side  of  him  who  is  carrying  a  weight  on  the  other  side; — 
the  habitual  carriage  of  very  fat  people,  whose  head  and  shoul- 
ders are  thrown  back,  giving  a  certain  air  of  self-satisfaction, — 
an  air  which  belongs  also  to  the  state  of  pregnancy,  and  even 
to  that  of  the  dropsical  patient,  although  producing  in  it  so  sad 
an  incongruity. 

When  a  man  walks  or  runs,  he  inclines  forward,  that  the 
centre  of  gravity  may  overhang  the  base:  and  he  must  then  be 
constantly  advancing  his  feet  to  prevent  his  falling.  He  makes 
his  body  incline  just  enough  to  produce  the  velocity  which  he 
desires. 

A  man,  in  pulling  horizontally  at  a  load,  is  merely  causing 
his  body  to  overhang  its  base,  so  that  its  tendency  to  USX  may 
become  a  force  or  power  applicable  to  ihe  work. 

When  a  man  rises  from  a  chair,  he  is  seen  first  bending  the 
body  forward,  so  as  to  bring  the  centre  of  gravity  over  the  feet 
or  base,  and  then  he  lifts  the  body  up.  If  he  lift  too  soon,  that 
is,  before  the  body  be  sufficiently  advanced,  he  &lls  back  again. 

A  man  standing  with  his  heels  close  to  a  perpendicular  wall, 
cannot  bend  forward  sufficiently  to  pick  up  any  object  that  lies 
on  the  ground  near  him,  without  himself  falling  forward;  be-' 
cause  the  wall  prevents  him  from  throwing  part  of  his  body 
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backward,  to  counterbaknee  the  Iieaid  aad  arma  that  mast  pro-^ 
ject  forward.  A  man  little  versed  in  euch  mattera^  agreed  to 
give  ten  gaineaa  for  permiaaion  to  try  to  posaesa  himaelf  of  jl 
purse  of  twenty,  thus  laid  before  him;  he  of  course  lost  hii 
money. 

When  a  man  walks  at  a  moderate  rate,  his  centre  ot  gravity 
comes  alternatdy  over  the  right  and  over  the  left  foot.  This  is 
the  reason  why  the  body  advances  in  a  waving  line,  and  why 
persona  walking  arm  in  arm  shake  each  other,  unless  they  make 
the  movements  of  ttieir  feet  to  correspond,  as  soldiers  do  in 
marching. 

Sea  nckntsa  is  a  subject  closely  related  to  the  present.  Man 
requiring,  aa  now  eitplaioed,  so  strictly  to  maintain  his  perpen-  ti 
dicularity,  that  is,  to  keep  the  centre  of  gravity  always  over  the 
support  of  his  body,  ascertains  the  required  position  in  various 
Ways,  bot  chiefly  by  the  perpendicularity  or  known  position  of 
things  about  him.  Vertigo,  and  sickness,  are  the  consequences 
of  depriving  htm  of  his  standards  of  comparison,  or  of  disturb-^ 
ing  them. 

Henoe  on  shipboard,  where  the  lines  of  the  masts,  windows, 
fomiture,  &c.  are  constantly  changing,  sickness,  vertigo,  and 
other  affections  of  the  same  ctaas,  are  common  to  persons  unac^ 
euatomed  to  diips.  Many  experience  similar  eflects  in  car^ 
riages,  and  in  swings;  or  on  looking  from  a  lofty  precipice, 
where  known  objects  being  distant,  and  viewed  under  a  new  as^  I 
peet,  are  not  so  readily  recognized;  dso  in  walking  on  a  wdl  or 
roof;  in  looking  directly  up  to  a  roof,  or  to  the  stars  in  the  ze- 
nith, becauae  Uten  all  standards  disappear:  on  entering  a  round 
room,  wbe»  there  are  no  perpendicular  lines  of  light  and  shades 
as  when  Che  waHs  and  roof  are  covered  witih  a  paper  which  has 
no  regular  arrangement  of  spot!  on  turning  round,  as  in  waltz- 
ing, or  if  placed  Oti  a  whed;  because  the  eye  is  not  then  allows 
ad  to  nest  long  •enough  oa  any  standard,  &c* 

AH  people  in  the  dark,  and  therefore  blind  people  always,  use 
standards  belonging  to  the  senee  of  touch}  and  it  is  because,  on 
board  of  tibip,  the  atendanla  both  of  sight  and  of  touch  are  lost^ 
that  the  ciffeet  is  so  rery  mttrkable. 

U 
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But  sea  sickness  also  partly  depends  on  the  irregular  pressure 
of  the  bowels  among  themselves  and  against  the  containing 
partSy  when  their  inertia  or  downward  pressure  varies  with  the 
rising  and  falling  of  the  ship. 

From  the  nature  of  sea  sickness,  as  discovered  in  these  facts, 
it  is  seen  why  persons  unaccustomed  to  the  motion  of  a  ship, 
often  find  relief  by  keeping  their  eyes  directed  to  the  fixed 
shore,  where  it  is  visible;  or  by  lying  down  on  their  backs  and 
shutting  their  eyes;  or  by  taking  such  a  dose  of  exhilarating 
drink  as  shall  diminish  their  sensibility  to  all  objects  of  exter- 
nal sense. 

No  condition  or  form  of  matter  escaping  from  the  great  laws 
of  nature;  we  find  the  attitudes  and  general  condition  of  vege* 
table  as  well  as  of  animal  bodies,  characterized  by' the  necessity 
of  having  the  centre  of  gravity  supported  over  the  base. 

With  what  admiration  do  we  contemplate  the  pine  and  other 
trees  in  the  forests  of  nature,  springing  up  to  heaven  as  perpen* 
dicular  as  if  the  plummet  had  been  at  work  to  direct  them ;  and  on 
the  brows  of  precipitous  hills  as  well  as  in  the  level  plains.  On 
a  smaller  scale,  we  see  the  grasses  and  corn-stalks  of  our  culti- 
vated fields,  illustrating  the  same  truth.  And  whenever,  in  tree 
or  shrub,  accident  or  peculiar  nature  causes  a  deviation  from  the 
laws  of  perpendicularity,  additional  strength  and  support  are 
provided. 

Beauty  of  form  or  position  is  often  felt  to  exist  in  bodies, 
merely  because  they  possess  the  shape  and  support  required, 
that  the  centre  of  gravity  may  be  stable. 

In  architecture,  how  displeasing  is  a  wall  or  pillar  that  is  not 
quite  upright;  or  a  column  with  too  small  a  base;  or  a  very  tall 
narrow  house;  or  a  long  slender  chimney.  On  the  other  hand, 
how  beautiful  in  a  lofty  edifice  is  the  suitable  succession  of 
columns,  from  the  massive  Doric  of  the  basement,  which  sup- 
port the  whole  superstructure,  to  the  light  Corinthian  or  of 
kindred  forms  which  are  seen  above.  The  Chinese  pagoda  is 
a  fine  example  of  the  union  of  the  requisites  for  stability,  viz. 
perpendicularity  and  expanding  base,  with  the  other  qualities 
of  perfect  symmetry,  graceful  proportion,  and  fanciful  ornament. 
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When  seen  crowning  a  rising  ground  in  a  wooded  island,  or 
springing  up  from  the  centre  of  a  rich  garden,  it  forms,  per- 
haps, one  of  the  most  beautiful  objects  which  fan(^  has  de- 
signed. 

Beauty  of  attitude  and  grace  of  carriage  in  the  human  in- 
dividual, are  in  great  part  referable  to  this  principle. 

The  postures  of  opera  dancers  might  pass  as  intentional  illus- 
trations of  the  number  of  ways  in  which  the  centre  of  gra- 
vity may  be  kept  above  a  narrow  base,  by  counteracting  one 
disturbing  motion  or  extension  of  a  limb  by  some  opposite  and 
corresponding  motion.  The  common  statue  of  the  god  Mercu- 
ry on  tiptoe  is  a  permanent  familiar  illustration  of  a  beautifully 
balanced  attitude. 

Grace  of  carriage  includes  not  only  a  perfect  freedom  of  mo* 
tion,  but  also  a  firmness  of  step,  or  steady  bearing  of  the  centre 
of  gravity  over  the  base-  It  is  usually  possessed  by  those  who 
live  in  the  country,  and  according  to  nature,  as  it  is  called,  ta- 
king much  and  varied  exercise.  What  a  contrast  is  there  be- 
tween the  gait  of  the  active  mountairfeer,  rejoicing  in  the  con- 
sciousness of  perfect  nature;  and  that  of  the  mechanic  or  shop- 
keeper, whose  confinement  to  the  cell  of  his  trade,  soon  pro- 
duces in  his  body  a  shape  and  air  that  correspond  to  it: — and  in 
the  softer  sex  what  a  contrast  is  there,  between  that  fair  one  who 
recalls  to  us  the  fabled  Diana  of  old,  and  that  other,  who 
having  scarcely  trodden  but  on  smooth  pavements  or  carpets, 
under  any  new  circumstances,  carries  her  person  as  if  it  were  a 
load  altogether  new  and  foreign  to  her. 

The  centre  of  gravity  is  also  the  centre  of  inertia: 

If  a  person  lifts  a  uniform  rod  by  its  middle,  he  overcomes 
the  inertia  of  both  ends  equally,  and  they  rise  evenly  together. 
If  he  lifts  by  a  part  nearer  to  one  end,  the  shorter  and  lighter 
portion  will  rise  the  first,  because  the  centre  of  inertia  is  in  the 
other,  and  there  will  be  a  turning  motion  of  the  rod  round  the 
£nger  as  a  centre. 

The  centre  of  gravity^  or  inertia,  however,  i3  not  neces- 
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ji^  ^""^     ttrily  in  the  centre  of  the  matter  or 

0 ^\     )    ■^••*  ^ — ^^^  *^ *  weight  of  three  poundff) 

^^  Of  were  affixed  to  one  end  of  arod,  and 
^  weight  of  only  one  pound,  b^  to  the  other,  they  would  atiU  be 
balanced,  if  supported  or  lifted  by  a  point  of  the  rod,  c,  three 
times  nearer  to  the  centre  of  the  large  weight,  than  to  that  of  the 
small  one, — and  in  this  case,  the  centre  of  gravity  would  have 
three  times  as  much  matter  on  one  side  of  it  as  on  the  other. 
This  fact  is  explained  under  the  lever,  in  the  next  chapter.  For 
the  sake  of  simplicity,  in  describing  such  experiments,  the  weight 
of  the  connecting  rod  itself  is  neglected. 

The  centre  of  gravity  or  in^tia  is  also  the  centre  qf  cen- 
tri/ugai  force: — for  if  the  balls  a  and  b  of  the  above  figure  were 
made  to  spin  round  a  common  centre,  as  by  making  the  connect* 
ing  rod  rest  and  turn  upon  a  pivot  at  c  ;  unless  the  point  c  were 
the  centre  of  inertia  of  the  two,  the  pivot  would  always  be  pull- 
ed towards  that  end  of  the  rod  at  which  there  were  the  great- 
est centrifugal  force.  It  is  on  this  account  that  for  a  millstone, 
or  great  fly-wheel,  or  the  balance-wheel  of  a  watch,  the  axis 
must  pass  through  the  centre  of  inertia,  to  prevent  its  being  more 
worn  on  one  side  than  on  the  other. 

When  we  say,  in  astronomy,  that  the  earth  revolves  round  the 
sun,  or  the  moon  round  the  earth,  we  do  not  speak  with  absolute 
correctness;  for  in  all  such  cases,  both  bodies  are  revolving 
round  the  common  centre  of  inertia  of  the  two.  In  the  case  of 
the  sun  and  earth,  as  the  former  is  almost  a  million  times  larger 
than  the  latter,  the  centre  of  inertia,  being  just  so  much  nearer 
to  its  centre,  is  really  within  its  body,  although  not  in  the  exact 
centre. 

The  centre  of  inertia  in  a  body  is  generally  also  the  centre  of 
action  or  percussion  ;  because,  if  the  centre  of  a  body  moving 
evenly  come  against  an  obstacle,  the  whole  momentum  of  the 
body  acts  and  is  destroyed ;  while,  if  any  other  part  than  the  cen- 
tre hit,  the  body  loses  only  a  part  of  its  momentum,  and  turns 
round  the  obstacle  as  a  centre  of  motion,  passing  it  on  the  side 
towards  which  the  centre  of  inertia  happened  to  be. 

In  a  bar  of  iron^  when,  used  as  a  hammerj  and  ina  pendoluD, 
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beeAuae  the  velocity  of  the  different  parts  i»  differenty  and  near 
the  far  extremity  ia  greatest,  the  eentre  of  all  the  motion  and 
inertia  Is  nearer  to  the  fast  moving  end  than  to  the  other.  Its 
ezaet  place,  in  many  cases,  is  easily  ascertained  by  calculation. 
In  a  uniform  rod,  moving  as  a  pendalum,  it  is  at  the  distance 
of  one-third  from  the  lower  end.  In  the  pendulum  it  is  called 
the  eentre  o/oeeiliaiian. 

If  a  man  use  a  bar  or  rod  of  iron  as  a  hammer,  he  most  take 
oare  to  make  it  strike  the  object  by  its  centre  of  action,  or  his 
own  hand  will  receive  a  part  of  the  shock.  A  very  heavy 
mass  thus  nsed  might  do  injury. -^In  a  common  hammer,  as  the 
chief  part  of  the  matter  is  at  the  end,  the  cmitre  of  percussion 
is  there  too,  and  no  precaution  of  the  kind  mentioned  above  is 
necessary. 

If  a  rod  or  small  log  of  wood  be  suspended  horizontally  by  a 
string  tied  to  its  middle,  and  if  a  forward  blow  be  given  across 
one  end  of  it,  the  other  end  will  be  found,  in  the  first  instant, 
to  have  moved  a  little  backward,  as  if  the  rod  had  been  fixed 
upon  aa  axis^  The  inertia  of  the  general  mass,  by  resisting  the 
motion,  becomes  in  effect  a  fixed  axis.  This  truth  is  amusing* 
ly  illustrated  by  laying  the  ends  of  a  long  stick  on  two  wine- 
glasses, and  then  breaking 
the  stick  by  a  smart  down- 
ward blow  of  a  poker  on  its 
centre.  Instead  of  breaking  the  glasses  also  by  sneh  a  blow,  as 
might  be  expected,  the  ends  of  the  stick  rise  at  the  instant  of  the 
stroke,  to  turn  round  certain  centres  of  resistance,  as  at  a  and 
6,  in  the  fragments,  and  they  then  fall  harmless  on  the  taUe. 

In  this  seetion  we  have  seen  what  admirable  simplicity  is 
given  to  many  of  our  reasonings  and  operations,  by  considering 
bodies  in  reference  only  to  their  eentre  of  inertia^  uxkter  one 
or  other  of  its  various  names. 
<'  In  a  solid  body  moving  about  an  axis,  like  a  wheel  or 

weighing-beamj  the  different  parts  have  different  velocities 

according  to  their  respective  distances  from  the  aocis  or 

centre.^* 

The  truth  of  this  proposition  is  perceived  at  once  on  compa- 
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ring  the  moving  rim  of  a  wheel,  or  ends  of  a  weighing  beam 
with  the  parts  nearer,  the  centres.  Suppose  a  d  to  he  ^  line 
drawn  upon  a  wheel  or  to  represent  a  weighing-beam  the  cen* 
tre  in  either  case  being  at  c;  then  the  out-" 
er  circular  line  a  c,  which  the  point  at  a 
describes  when  moving,  islonger  than  the 
inner  line,  ft/,  which  the  point  at  ft  de- 
scribes, in  the  same  proportion  as  a  is 
farther  from  the  centre  than  ft.  This  ad-r 
mits  of  easymathematifial  demonstration, 
but  may  be  satisfactorily  ascertained  by  simple  measurement  of 
a  figure  drawn  on  paper.  It  is  indeed  merely  an  instance  of  the 
truth,  that  the  proportion  existing  between  any  parts  or  lines  in 
one  circle,  holds  between  the  corresponding  parts  and  lines  in 
all  other  circles. 

'^  TTim  forces  with  different  speed  may  still  be  placed  in 
continued  connexion  or  opposition;  and  they  will  balance 
or  be  equivalent^  if  the  one  be  as  much  more  intense  than 
the  other  as  it  is  slower. "    (Sead  the  analysis. ) 

These  are  the  two  important  truths  upon  which  the  whole  of 
mechanics  may  be  said  to  hinge.  They  give  to  man  the  sim^ 
pk  machines  or  mechanical  powers,  as  they  have  been  call- 
ed,— ^the  lever,  wedge,  pulley,  &c.  which  enable  him  to  adapt 
any  species  and  speed  of  power  which  he  can  command,  to  al- 
most any  work  which  he  has  to  accomplish;— they  may  be 
said  to  have  subjected  external  nature  to  his  control.  His 
works  are  of  a  thousand  kinds,  from  the  displacing  of  a  rock,  or 
the  erection  of  an  obelisk,  to  the  spinning  of  a  cotton  thread, 
while  the  natural  powers  or  forces  at  his  command  are  chiefly 
wind,  waterfalls,  fire,  and  animal  action — and  of  which  in  any 
particular  case  he  may  have  only  one  kind  at  his  service; — still, 
being  able  to  connect  together  his  power  and  resistance  by  solid 
media,  of  which  different  parts  move  with  different  velocities, 
he  can  employ  any  one  for  a  purpose  of  almost  any  magnitude 
or  kind. 
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There  is^  however,  a  false  and  most  pernicious  prejudice  very 
generally  existing  with  respect  to  the  simple  machines^  which 
we  must  begin  by  removing,  viz,  that  they  increase  the  quantity 
of  power  or  force  applied  to  them.  For  instance,  when  one 
pound,  as  a,  at  a  certain  distance  from  the  axis  of  a  beam  or 
lever,  is  seen  bdancing  two  pounds,  as  6,  at  half  the  distance, 
or  four  pounds,  as  c,  at  a  quarter  of  the  distance;  many  persons 

believe  that  the  lever  itself  gives 
or  begets  a  force  equal  to  the 
difference  of  the  weights  in  the 
different  situations.  But  we  shall 
now  show,thatlever8and  all  the 
other  mechanical  powers,  as 
they  have  been  called,  merely 
enable  usto  make  up,  by  work- 
ing longer,  for  what  our  strength  would  be  unequal  to  if  applieddi- 
rectly  in  other  words  to  concentrate  or  divide  any  kind  or  quan- 
tity of  force  which  we  possess,  so  as  to  suit  it  to  our  various 
purposes,  only  as  mill-ponds,  and  branching  channels  enable  us 
to  accumulate  or  divide  the  force  of  a  stream  of  water  ; — but  they 
no  more  increase  the  quantity  of  power  than  the  mill-pond  in- 
creases the  quantity  of  water.  When  a  slender  force  then  is 
caused,  through  a  machine,  to  produce  some  effect  which  seems 
proportioned  to  an  intense  force,  it  will  always  be  found  that  it 
has  acted  longer,  or  through  more  space  than  the  other,  in  pro- 
portioii  as  it  is  more  slender :  just  as  a  small  stream  of  water  act- 
ing for  ten  minutes,  may  produce  the  same  effect  as  a  greater 
gush  in  one  minute.  Twenty  feet  of  the  action  of  a  small  horse 
near  the  circumfi^ence  of  a  great  wheel,  will  be  equivalent  to 
ten  feet  of  the  action  of  a  heavy  ox  nearer  the  centre.  By  in- 
tervening machinery,  one  horse  in  drawing  through  six-hundred 
feet,  or  a  hundred  horses  in  drawing  through  six  feet,  may  be 
made' to  do  the  same  work  as  the  piston  of  a  great  steam-engine, 
in  risiiSg  once  from  the  bottom  to  the  top  of  its  cylinder,  &c. 

To  illustrate  this  subject  farther:  suppose  a  weighing-beam 
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X  tfy  with  a  weight  of  one 

I  /     3D        ^       pound  banging  at  the  end  x: 

"^''^---.         y       in        n        *^  *  •pring  issuing  from  the 

^@   ■  I  ""-M  y >...,.  JlY        jj^    fixed  box  atE,  with  uniform 

Q  A"*^ — J        force  of  one  pound,  be  made 

■^  to  push  at  the  other  end 
of  the  beam  y,  it  will  just  balance  the  weight;  and  if  it 
be  in  the  slightest  degree  strooger  than  the  weight;  it  will  push 
th^  end  of  the  beam  y  down  to  B,  and  will  raise  the  weight 
to  F.  If,  instead  of  the  single  spring  of  one  pound  at  the  end  of 
the  beam  B,  two  such  springs  be  applied  at  half  way  to  the 
centre^  or  at  A, — where  there  is,  consequently,  just  half  as 
much  extent  of  motion*  or  room  to  act  in, — exactly  the  same 
efiect  will  follow.  Now  because  one  spring  at  the  end  of  the 
beam  E,  is  seen  here  doing  the  same  work  as  two  such  springs, 
or  a  single  spring  of  double  strength,  at  the  middle  B,  it  might 
appear  at  first  that  there  were  a  saving  of  power  by  using  the 
single  spring  and  longer  lever;  but  let  it  be  remembered,  that 
the  two  middle  springfs  have  each  issued  from  their  box  only  one 
inch,  while  the  single  spring  at  the  end  has  issued  two  inches; 
and  in  both  cases,  therefore  exactly  two  inches  of  pound*spring 
have  been  used. 

In  the  last  experiment,  pound  weights  or  little  buckets  of . 
water  might  be  used  instead  of  the  springs,  and  witli  exactly 
the  same  result— one  pound  or  pint  at  the'end  of  the  arm  produ^ 
cing  the  same  efiect  as  two  pounds  or  pints  at  the  middle  of  it;  but 
it  would  be  observed  that  tlie  single  quantity  fell  two  inches^ 
while  the  double  quantity  at  half  distance  fell  only  one 
inch ;  and  to  replace  them  after  they  had  done  their  work^ 
there  would  be  exactly  the  same  labour,  whether  a  person  bad 
to  lift  the  single  quantity  first  one  inch,  and  then  another,  or 
whether  to  lift  half  of  the  double  equipoise  an  inch,  and  thw  • 
the  other  half  as  much. — ^E^cb  atom  of  matter  may  be  eon- 
sidered  as  held  to  the  earth  by  its  thread  of  attraction,  and  if  one 
atom  rise  or  fall  ten  inches,  just  as  much  of  the  supposed  thread 
of  attraction  will  be  drawn  out  or  returo^  m  if  ten  alioins  rise 
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or  fall  one  ineh.  And,  where  a  weight  of  one  pound  is  made  to 
do  any  work  instead  of  a  weight  of  two  pounds,  there  is  no 
more  saving  than  in  giving  away  two  yards  of  single  rope  in- 
stead of  one  yard  of  double  rope;  and  in  like  manner  for  all 
other  differences  of  intensity. 

If  a  man  were  to  exert  a  force  of  one  hundred  pounds  at  A, 
in  the  above  figure,  to  lift  the  weight,  a  boy  at  B,  with  force 
of  fifty  pounds,  might  do  the  same  thing;  but  the  man  would 
only  have  worked  or  pressed  down  through  one  foot,  while  the 
boy  would  have  worked  through  two;  therefore,  although  the 
boy  with  the  assistance  of  the  lever,  seemed  to  become  as  strong 
as  the  man,  the  case  would  merely  be,  again,  that  of  the  one- 
pound  spring  unbending  two  inches,  to  produce  an  effect  equal 
to  that  of  the  two-pound  spring  unbending  one  inch.  The  boy 
uses  two  feet  of  his  smaller  force,  where  the  man  uses  one  foot 
of  his  greater  force;  and  if  the  work  had  to  be  continued,  the 
boy  would  have  completely  exhausted  himself  when  the  man 
was  yet  fresh. — ^Is  it  wonderful  then,  that  the  boy  should  be 
able  to  accomplish  for  a  little  time  what  the  man  does,  with 
a  machine,  of  which  the  construction  enables  him  to  use  twice 
as  much  of  his  smaller  power,  to  accomplish  the  purpose,  as  the 
man  can  use  in  the  same  time  of  his  larger  power? 

Another  case  of  the  lever,  exhibited  in  the  adjoining  diagram, 
serves  well  to  explain  the  nature  of  mechanical  powers  in  gen- 
eral.    Suppose  A  to  be  a  weight  of  four  pounds  ^t  the  end  of 
•g  the  rod  or  lever  A  B,  turning 

^^^^^  on  C  as  an  axis  or  fulcrum, 

^^fK^M^^^  2nj  having  the  arm  C  B  four 

C^^;^^^-- .^jattAfe.     times  as  long  as  the  arm  C  A: 

©Jj^    ^  /••  i3M?M     one  pound  at  the  end  B,  would 

balance  the  four  pounds  at  the 
end  A,  and  the  slightest  addi- 
tional weight  would  cause  it  to  preponderate.  Now  let  us  sup- 
pose the  arc  B  &  fixed  to  the  long  arm  of  the  lever,  and  having 
four  projections  or  shelves  from  it,  on  which  balls  of  one  pound 
might  rest:  if  one  of  the  four  balls  from  the  plane  d  were  to  roll 
upon  the  first  shelf,  with  one  grain  more,  it  would  lift  A,  and 
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would  itself  descend  to  the  plane  e,  one  inch  below;  *then  a  se- 
cond ball  of  one  pound  would  occupy  the  second  shelf,  and  would 
descend  in  the  same  way,  and  then  a  third,  and  then  the  fourth; 
and  when  the  whole  had  fallen  from  d  to  «,  they  would  just  have 
lifted  the  four  pound  weight,  at  the  other  end  o{  the  lever,  one 
inch.  Then,  although  one  pound  were  seen  here  lifting  four 
pounds,  it  would  only  have  lifted  it  one-fourth  part  as  far  as  it  fell 
itself,  and  the  sum  of  the  phenomenon  when  ended  would  be,  that 
four  pounds,  by  falling  one  inch  at  the  long  end  of  the  lever, 
would  have  lifted  four  pounds  one  inch  at  the  short  end.  No 
mechanical  power  or  machine  generates  force  more  than  the 
lever  in  this  case. 

It  appears,  then,  from  all  this,  that  as  the  quantity  of  mo- 
tion in  a  body  is  measured  by  its  velocity,  and  the  number  of 
atoms  in  it  conjointly,  so  the  quantity  of  force  exerted  in  any 
case,  i3  measured  by  the  intensity  of  the  force  conjointly  with 
the  space  through  which  it  moves;  and  therefore  a  clear  mode 
of  speaking  of  forces  in  comparing  them  is  to  state  the  lengths 
and  the  intensities — ^for  instance,  to  speak  of  ten  feet  of  one- 
pound  force,  or  of  one  foot  of  ten-pound  force. 

A  horse  pulling  with  a  force  of  fifty  pounds  goes  generally  at 
the  rate  of  six  miles  an  hour: — the  steam-engine  piston  generally 
moves  at  the  rate  of  two  hundred  feet  per  minute,  and  has  a 
pressure  of  steam  of  about  twenty  pounds  to  each  square  inch 
of  its  surface: — a  certain  mill-stream  may  have  a  force  of  one 
hundred  pounds,  and  a  velocity  of  a  hundred  and  fifty  feet  per 
minute.  Now  it  is  easy,  by  simple  arithmetic,  and  the  rule  of 
length  and  intensity  above  explained,  to  compare  all  these  and 
other  forces  as  applicable  to  any  work. — ^We  must  warn  the 
reader,  however,  that  there  are  many  important  considerations 
connected  with  the  practical  employment  of  forces,  according 
to  their  respective  nature,  and  that  of  the  resistance  to  be  over- 
come, which  cannot  be  entered  upon  in  this  elementary  work. 
In  very  many  cases  thiere  is  a  great  waste  or  unavoidable  loss 

^  The  bftU  must  be  suppoied  here  to  roU  off. 
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of  force,  because  the  resistance  in  yielding  runs  away  or  escapes 
from  the  force,  as  when  a  ship  runs  away  from  the  wind  which 
is  driving  her,  or  the  floats  of  a  quick  moving  water-wheel  from 
the  stream  which  turns  it.  Horses  drawing  boats  or  carriages 
at  the  rate  of  five  miles  an  hour,  may  exert  great  force,  but 
with  a  speed  beyond  twelve  miles,  nearly  their  whole  effort  is 
required  to  move  their  own  bodies.  As  a  general  rule,  although 
equal  quantities  of  force  balance  each  other  when  applied  to 
parts  of  a  lever  or  wheel  altogether  or  nearly  at  rest,  still  when 
force  is  made  to  act  near  an  axis  or  fulcrum,  to  produce  con- 
siderable velocity  in  a  more  distant  part^  much  of  it  is  wasted 
in  pressure  against  the  fixed  fulcmm. 

What  an  infinity  of  vain  schemes — some  of  them  displaying 
great  ingenuity — ^for  perpetual  motions,  and  new  mechanical  en- 
gines of  power,  &c.  would  have  been  checked  at  once,  had  the 
great  truth  been  generally  understood,  that  no  form  or  combina- 
tion of  machinery  ever  did  or  ever  can  increase,  in  the  slightest 
degree  the  quantity  of  power  applied.  Ignorance  of  this  is  the 
hinge  on  which  most  of  the  dreams  of  mechanical  projectors 
have  turned.  No  year  passes,  even  now,  in  which  many  pa- 
tents are  not  taken  out  for  such  supposed  discoveries^  and  the 
deluded  individuals,  after  selling  perhaps  even  their  household 
goods  to  obtain  the  means  of  securing  the  supposed  advantages, 
oft^n  sink  in  despair,  when  their  attempts,  instead  of  bringing 
riches  and  happiness  to  their  families,  end  in  disappointment 
and  utter  ruin.  The  frequency  and  eagerness  and  obstinacy 
with  which  even  talented  individuals,  owing  to  their  imperfect 
knowledge  of  this  part  of  natural  philosophy,  have  engaged  in 
such  undertakings,  is  a  remarkable  phenomenon  in  human  na- 
ture. Examples  of  such  schemes  will  be  noticed  in  different 
parts  of  this  work,  where  they  may  serve  to  illustrate  points 
under  consideration. 

**  Lever,  wheel  and  axle,  fyc.^^    {Read  the  analysis  at  page 

141.) 

These  are  the  simplest  of  the  contrivances,  which  the  cir- 
cumstance of  solidity  in  masses  has  enabled  man  to  adopt,  for  the 
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purpose  of  connecting  or  opposing  forces  and  resistances  of  dif-* 
fercnt  intensities.  We  proceed  to  describe  th^m,  and  to  ex- 
plain some  of  their  useful  applications. 

A  beam  or  rod  of  any  kind,  resting  at  one  part  on  a  prop  or 
axis  which  becomes  its  centre  of  motion,  is  a  lever;  and  it  has 
been  so  called,  probably,  because  such  a  contrivance  was  first 
employed  for  lifting  weights. 

au  This  figure  represents  a  lever  used 
to  move  a  block  of  stone:  a  is  the  end 
to  which  ^^  power  qt  force  is  appli- 
ed, f  is  the  prop  or  fulcruniy  and 
the  mass  b  is  the  weight  or  resistance.  According  to  the  rule 
already  given  and  explained  at  page  157,  the  pow^  may  be  as 
much  less  intense  than  the  resistance,  as  it  is  farther  from  the 
fulcrum,  or  moving  through  a  greater  space.  A  man  at  a, 
therefore,  twice  as  far  from  the  prop  as  is  the  centre  of  gravity 
of  the  stone  6,  will  be  able  to  lift  a  stone  twice  as  heavy  as  him- 
self; but  he  will  only  lift  it  one  inch  for  every  two  inches  that 
he  descends:  and  it  would  require  two  men  acting  at  half  the 
distance,  to  do  the  same  work. 

There  is  no  limit  to  the  difierence  of  intensity  in  forces,  which 
may  be  placed  in  opposition  to  each  other  by  the  lever,  except 
the  length  and  strength  of  the  material  of  which  the  levers  must 
be  formed.  Archimedes  said,  <^  give  me  a  lever  long  enough^ 
and  a  prop  strong  enough,  and  with  my  own  weight  I  will  move 
the  world."  But  he  would  have  required  to  move  with  the  Ve- 
locity of  a  cannon  ball  for  millions  of  years,  to  alter  the  position 
of  the  earth  by  a  small  part  of  an  inch.  As  stated  in  a  former 
part  of  the  volume,  this  feat  of  Archimedes  is,  in  mathematical 
truth,  performed  by  every  man  who  leaps  from  the  ground,  for 
he  kicks  the  world  away  from  him  when  he  rises,  and  attracts 
it  again  when  he  falls  back. 

To  calculate  the  eflfect  of  a  lever  in  practice,  we  must  always 
take  into  account  the  weight  of  the  lever  itself  and  its  bending ; 
but  in  speaking  of  the  theory  of  the  lever,  we  usually  leave  these 


SIMPLE  MACBIRSS.  165 

for  the  lime,  out  of  the  question,  eonsideriagit  as  a  rod  without 
weight  and  without  flexibility. 

The  rule  for  the  lever,  that  opposing  forces,  to  balanee  each 
other,  must  be  more  or  less  intense,  exactly  as  they  act  nearer 
to  or  farther  from  the  centre,  holds  in  all  cases,  whether  the  forces 
be  on  different  sides  of  the  prop  or  both  on  the  same  side,  and 
whether  the  force  nearest  to  the  prop  have  the  oflSce  of  power  or 
of  resistance ;  it  holds  also,  whether  the  lever  be  straight  or 
crooked. 

The  following  are  examples  of  levers  with  tlie  prop  between  the 
forces. 

The  handspikcy  represented  in  page  164  as  moving  a  block  of 
stone.  The  same  form  when  made  of  iron,  and  having  its  ex- 
tremity formed  into  claws,  is  called  a  crow-bar.  Both  kinds 
are  used  by  gunners,  in  working  cannon  during  battle  ;  they  are 
also  iised  generally  for  lifting  and  moving  heavy  masses  through 
small  spaces,  as  the  materials  of  the  mason,  the  ship-builder,  the 
warehouseman,  &.c.  A  short  crow-bar  is  the  instrument  of  house- 
breakers for  wrenching  locks  open,  tearing  off  binges,  &c. 

The  common  claw-hammer^  for  drawing  nails,  is  another  ex- 
ample. A  boy  who  cannot  exert  a  direct  force  of  fifty  pounds, 
may  yet  by  means  of  this  kind  of  hammer  extract  a  nail  to  which 
half  a  ton  might  be  suspended, — because  his  hand  moves  through 
perhaps  eight  inches,  to  make  the  nail  rise  one-quarter  of  an 
inch.  The  claw-hammer  also  proves,  that  it  is  of  no  conse- 
quentie  whether  the  lever  be  straight  or  crooked,  provided  it 
produces  the  required  difference  of  velocity  between  power  and 
resistance.  The  part  of  the  hammer  resting  on  the  plank  is  the 
fulcrum. 

Pincers  or  forceps  are  double  levers,  of  which  the  hinge  is 
the  common  prop  or  fulcrum.  In  drawing  a  nail  with  steel 
nippers,  we  jbave  a  good  example  of  the  advantages  of  using 
a  tool:  1,  the  nail  is  seized  by  teeth  of  steel  instead  of  by 
the  soft  fingers:  2,  instead  of  the  griping  force  of  the  extreme 
fingers  only,  there,  is  the  force,  of  the  whole  hand  conveyed 
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through  the  bandies  of  the  nippers :  9y  the  force  is  rendered 
perhaps  six  times  more  effective  by  the  lever-length  of  the  ban* 
dies  :  And  4,  by  making  the  nippers,  in  drawing  the  nail,  rest 
on  one  shoulder  as  a  fulcrum,  it  acquires  all  the  advantages  of 
the  lever  or  claw-hammer  for  the  same  purpose. 

Common  scissors  are  also  double  levers,  and  those  stronger 
shears^  with  which,  under  the  power  of  a  steam-engine,  bars  and 
plates  of  iron  are  now  cut  as  readily  as  paper  by  the  force  of  the 
hand. 

The  common  fire-pok^r  is  a  lever.  It  rests  on  the  bar  of  the 
grate  as  its  prop,  and  displaces  or  breaks  the  caked  coal  behind 
as  the  resistance. 

The  mcist  of  a  ship^  with  sails  set  upon  it,  may  be  regarded 
as  a  long  lever,  having  the  sails  as  the  power,  turning  upon  the 
centre  of  buoyancy  of  the  vessel  as  the  fulcrum,  and  lifting  the 
ballast  or  centre  of  gravity  as  the  resistance.  For  this  reason 
lofty  sails  make  a  ship  heal  or  lean  over  greatly,  and  if  used  in 
open  boats,  they  are  dangerous. — ^In  some  of  the  islands  in  the 
Eastern  and  Pacific  Oceans,  boats  are  used  extremely  narrow 
and  sharp,  that  they  may  sail  swiftly;  and  to  counteract  the 
overturning  tendency  of  their  large  sails,  they  have  an  outrig- 
ger or  projecting  plank  to  windward,  on  the  extremity  of  which 
several  of  the  crew  sit  as  a  balance. 

Perhaps  no  instance  of  the  lever,  with  the  prop  between  the 
forces,  is  more  interesting  than  the  weighing  beam:  whether 
with  equal  arms,  forming  the  common  scale  beam;  or  with  un- 
equal arms,  forming  the  steelyard. 

We  have  seen  why  quantities  of  matter  attached  at  equal  dis- 
tances from  the  prop,  must  be  equal  to  each  other  in  order  to  ba- 
lance.    A  lever,  therefore,  which  enables  us  to  place  quantities 
thus  exactly  in  opposition  to  each  other,  and  which  turns  easily 
on  its  axis,  becomes  a  weighing-beam. 
^^  The  annexed  figure  shows  a  common 

/»  I  &   form.     The  axis  or  pivot  is  sharpened 

je  ^  below,  wedge-like,  that  the  beam  may 

turn  easily,  and  that  its  centre  of  motion 
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maybe  nicely  determined; — in  a  delicate  balance  for  philoso- 
phical purposes,  the  axis  is  almost  as  sharp  as  a  knife  edge,  and 
resis  on  some  hard  smooth  surface  of  support,  so  as  to  turn  with 
the  weight  of  a  small  part  of  a  grain.    The  scales  also  of  a  weigh- 
ing-beam are  suspended  on  sharp  edges,  to  facilitate  motion, 
and  to  determine  nieely  the  points  of  suspension.     If  the  length 
of  the  arms  of  a  beam  be  not  perfectly  equal,  a  smaller  quanti- 
ty at  the  long  arm  will  balance  a  greater  quantity  at  the  other. 
Half  an  inch  too  much  in  that  arm  of  a  beam  to  which  mer« 
chandize  is  attached,  where  the  beam-arm  altogether  were  of 
eight  inches,  would  cheat  the  buyer  of  exactly  one  ounce  in 
every  pound.     This  cheat  is  to  be  detected  instantly,  by  cfaang* 
ing  the  places  of  tlie  two  things  balanced:  for  so,  the  lightest  is 
at  the  short  arm,  and  is  then  doubly  to  light.     Beams  for  very 
delicate  purposes,  must  have  their  centre  of  gravity  very  nearly 
in  the  line  of  the  axis  on  which  the  beam  turns;  for  if  it  be 
much  below  t^is,  it  will  be  to  the  beam  what  ballast  is  to  a  ship, 
and  will  tend  to  keep  the  beam  horizontal,  and  therefore  not 
free  to  move;  if,  on  the  contrary,  it  be  above  the  axis  or  centre 
of  motion,  it  will  cause  the  beam,   when  once  inclined,  to  fall 
over,  and  not  to  recover  itself.     In  common  beams,  the  centre 
of  gravity  is  always  a  little  below  the  line  of  support,  that  the 
beam  may  quickly  return  from  any  state  of  inclination  to  its  ho- 
rizontal position  of  rest. 

There  is  a  mode  of  arriving  at  very  accurate  results,  even 
with  a  weighing-beam  which  is  not  itself  accurately  made, 
provic|ed  it  has  very  free  motion;  viz.  first,  to  balance  the  sub- 
stance to  be  weighed  very  nicely  in  one  scale,  and  then  to  re- 
move it,  and  to  put  weights  into  the  same  scale,  until  a  perfect 
balance  is  again  produced.  Such  weights  are  the  exact  equiva- 
lent or  weight  of  the  substance,  however  unlike  to  each  other 
the  arms  of  the  balance  may  be.  A  projecting  rod  or  plank  or 
branch  of  a  tree,  with  a  scale  attached  to  it;  might  thus  be  made 
to  answer  the  purpose  of  a  weighing-beam,  by  observing  mi- 
nutely how  far  a  certain  substance,  attached  to  it,  bent  it,  and 
then  trying  what  weights  would  bend  it  as  much. 
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The  steelyard  id  a  lever  With 
■1.2     .7     ^   ^   g  unequal  arms.   If  we  suppose  the 
hook  at  the  short  end  to  be  one 


inch  from  the  centre  of  support 
Cf  a  pound  weight  on  the  long 
arm  will  always  balance  as  many 
pounds  at  the  short  arm  as  the  pound  is  inches  distant  from 
the  fulcrum.  This  supposes,  however,  that  the  steelyard  when 
bare  hangs  horizontally,  ftom  having  a  greater  mass  of  mat- 
ter in  the  short  arm  to  balance  the  long  slender  arm  from 
which  the  shifting  weight  hangs.  In  the  figure,  one  pound  is 
seen  balancing  four  pounds. 

The  Chinese,  who  are  so  remarkable  for  the  simplicity  to 
which  they  have  reduced  their  common  implements,  weigh  all 
small  objects  by  a  delicate  steelyard.  It  is  a  wooden  rod  of 
about  SIX  inches  in  length,  with  a  silk  cord  passing  through  it  at  a 
particular  part,  and  knotted  below  to  serve  as  a  fulcrum,  and 
with  a  sliding  weight  on  the  long  arm,  and  a  small  scale  attached 
to  the  short  one. 

The  following  are  examples  of  levers  with  both  forces  on  the 
same  side  of  the  prop,  and  with  the  more  distant  force  as 
the  power. 

A  common  wheel-barrow; — ^in  using  which  a  man  bears  as 
much  less  than  the  whole  weight  of  the  load,  as  the  centre  of 
gravity  of  the  load  is  nearer  to  the  axle  of  the  wheel  than  to 
him. 

Two  porters  carrying  a  load  between  them  on  a  pole,  share 
it  equally,  if  it  be  in  the  middle  between  them; — each  porter 
becoming  a  fulcrum  to  the  lever,  as  regards  the  other:  but  if  it 
be  nearer  to  one  end,  he  to  whom  it  is  nearest  bears  proportion- 
ally more  of  its  weight  A  load  at  c  is  equally  borne  by  a  por- 
^  ter  at  a  and  by  one  at  b;  but  a  load  at  d 
gives  three-quarters  of  its  weight  to  the 
man  at  a,  and  only  one-quarter  to  him 
at*. 


ne 
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Two  hordes  drawing  a  plough/  act  by  a  cross-tree  which  has 
its  middle  hooked  to  the  plough,  and  a  horse  attached  to  each 
end.  The  horses  must  thus  pull  equally  to  keep  the  tree  di^ 
rectly  across.  When  three  horses  are  yoked,  in  heavy  land, 
two  of  them  may  draw  from  one  end  of  the  cross-tree,  but  this 
must  then  be  attached  to  the  plough  by  a  hook  twice  as  far  from 
one  end  of  it  as  from  the  other. 

The  oar  of  a  boat  is  a  lever  of  this  kind,  although  the  fulcrum 
is  the  unstable  water. 

The  common  nut-crackers,  also,  by  the  lever-power  of  which 
a  person  can  break  a  shell  ten  times  as  strong  as  he  could  with 
the  bare  fingers. 

The  consideration  of  this  kind  of  lever  explains,  why  a  finger 
caught  near  the  hinge  of  a  shutting  door  is  so  much  injured. 
The  centre  of  action  of  the  door  moves  through  a  space  com- 
paratively great,  and  acts  with  a  great  lever-advantage  on  a  re- 
sistance placed  near  the  fulcrum  ofHhe  lever  where  there  is  little 
motion.  Children  pinching  their  fingers  in  this  way,  or  in  the 
hinge  of  the  fire*tongs,  where  there  is  a  similar  action,  wonder 
why  the  bite  is  so  keen. 

The  phenomenon  of  the  branch  of  a  tree  giving  way,  when 
overloaded  with  fruit  in  autumn,  or  with  snow  in  winter,  also 
exhibits  the  action  of  this  kind  of  lever.  The  resistance  is  the 
cohesion  of  the  upper  side  of  the  branch  to  the  tree,  and  tHe  ful- 
crum is  the  part  below  which  is  last  broken. 
The  following  are  examples  of  the  lever,  where  the  two  forces 

are  on  the  same  side  of  the  pivot,  and  where  the  one  nearest 

to  the  pivot  acts  as  the  power.     In  this  kind,  the  power  is 

more  intense  than  the  resistance. 

The  hand  of  a  man  who  pushes  open  a  gate  while  standing  near 
the  hinges,  moves  through  much  less  space  than  the  end  of  the 
gate,  and  hence  must  push  with  great  force. 

When  a  man  uses  the  common  fire-tongs,  the  ends  move  much 
farther  than  his  fingers,  and  therefore  with  less  strength; — no 
one  fears  a  pinch  with  the  ends  of  the  fire-tongs. 

The  most  beautiful  and  remarkable  instances  of  this  modifica- 
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tion  of  lever  are  in  the  limbs  of  anittifldfl.  The  object  in  these 
was  to  give  to  the  extremities  great  range  and  freedom  of  mo* 
tion,  without  clumsiness  of  form;  and  it  has  been  obtained  most 
perfectly,  by  inserting  the  moving  tendons  or  ropes  near  to  the 
joints,  which  are  the  pivots  or  fulcra  of  the  bone-levers. 

In  the  human  arm,  the  deltoid  muscle,  which  forms  the  cush- 
ion of  the  shoulder,  by  contracting  its  fibres  less  than  an  inch, 
raises  the  elbow  twenty  inches;  and  of  course,  if  it  overcome  a 
force  of  fifty  pounds  at  the  elbow,  it  must  itself  be  acting  with 
a  force  at  least  twenty  times  as  intense,  or  of  one  thousand 
1^  pounds. — What  extraordinary  strength  of  muscle,  then,  is  dis- 
played, by  a  man  who  lifts  another  at  the  end  of  his  extended 
arm;  yet  this  by  some  is  done  with  ease,  and  even  on  both  sides 
at  once. 

How  powerful  must  be  the  wing-muscles  of  birds,  which,  by 
this  kind  of  action,  sustain  themselves  in  the  sky  for  many  hours 
together.  The  great  albatross,  with  wings  extended  fourteen 
feet  or  more,  is  seen  in  the  stormy  solitudes  of  the  Southern 
Ocean,  accompanying  ships  for  whole  days  without  ever  res- 
ting on  the  waves. 

A  little  contraction  of  the  glutaei  muscles  of  the  hips  gives 
to  the  human  step  a  length  of  four  feet 

Wjiile  the  erroneous  opinion  prevailed,  that  machines  in^ 
creased  power,  instead  of,  as  they  do,  merely  accommodating 
forces  to  purposes,  this  last  kind  of  lever,  where  a  great  force 
acting  through  a  short  distance  is  made  to  gain  great  extent  of 
motion  and  other  benefits,  was  regretted  by  many  as  a  moit  un- 
profitable contrivance,  and  was  called  the  taring  lever. 

It  is  almost  unnecessary  to  say,  that  the  same  rule  of  compara- 
tive velocities  ascertains  the  relations  required  in  power  and  re- 
sistance where  a  combination  of  levers  is  used,  as  where  there 
is  only  one.  If  a  lever  which  makes  one  balance  /aur,  be  ap- 
plied to  work  a  second  lever  which  does  the  same,  one  pound 
at  the  long  arm  of  the  first  will  balance  sixteen  pounds  at  the 
short  arm  of  the  second  lever,  and  would  balance  rixty-four 
at  the  short  arm  of  a  third  such,  &c« 
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The  general  rule  for  the  lever,  that  a  force  may  be  less  intense 
the  farther  it  is  from  the  pivot,  supposes  always  that  the  force 
acts  at  right  angles,  or  directly  across  the  lever;  for  if  there  be 
any  obliquity,  there  is  a  corresponding  diminution  of  effect,  as 
explained  under  the  head  of  resolution  qf/orcesy  at  page  101. 
For  instance,  one  pound  at  b  on  the 
end  of  the  long  arm  of  the  bent  lever  6 
d  a,  because  its  weight  does  not  act 
directly  across  b  dy  has  influence  only 
as  if  it  were  acting  directly  at  tlie  end 
of  a  shorter  horizontal  arm  /  d;  and  the 
two-pound  weight  at  a  acts  only  as  if  it 
were  on  a  horizontal  arm  at  e;  now  e  being  only  half  ^s  far  from 
the  centre  as  /,  two  pounds  at  a,  in  the  position  of  the  lever 
here  shown,  woqld  just  balance  the  one  pound  at  &  In  every 
case,  the  exact  influenee  of  weights  may  be  known  by  referring 
them  to  places  directly  above  or  below  them,  on  a  supposed 
horizontal  lever  e  /.  What  is  called  a  bent  lever  balance,  is 
made  on  this  principle.  It  has  on  one  side  a  heavy  weight  at  a, 
and  on  the  other  aide  a  scale  attached  at  bj  and  the  weight  of 
any  thing  put  into  the  scale  is  known  by  the  comparative  dis- 
tances, after  equilibrium  is  produced,  of  a  and  b  from  the  sup- 
port c  d.  This  distance  is  exhibited  on  the  line  ef,  as  described 
above. 

'*  The  wheel  and  axle*^ 


is  the  next  of  the  simple  machines. 

The  letter  d  here  marks  a  wheel,  and 

an  axle  affixed  to  it;  and  we  see  that 

.  .     f  I  in  turning  together,  the  wheel  would 

^  X/   I  take  up  or  throw  off  as  much  more 

<S>  rope  than  the  axle  as  the  circum- 

rk     U  ference  or  diameter  of  the  wheel  were 

U^     ^  greater  than  that  of  the  axle.     If  the 

proportions  were  as  four  to  one,  one  pound  at  6,  hanging  from 

the  circumference  of  the  wheel,  would  balance  four  pounds  at  a, 

hanging  from  the  opposite  side  of  the  axle. 
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This  figure  represents  the  same  object  as 
the  last,  when  viewed  endways.  It  explains 
why  the  wheel  with  its  axle  has  been  called 
a  perpetual  lever;  for  the  two  weights  hanging 
in  opposition,  on  the  wheel  at  a,  and  on  the 
axle  at  b^  are  always  as  if  they  were  connected 
by  a  horizontal  lever  acb^  turning  on  the  centre 
c  as  its  prop:  and  while  the  simple  lever  could 
only  lift  through  a  small  space,  it  is  evident  that  this  con- 
struction will  lift  as  long  as  there  is  rope  to  be  wound  up. 

A  common  crane  for  raising  weights,  consists  of  an  axle  to 
wind  up  or  receive  the  rope  which  carries  the  weight,  and  of  a 
large  wheel  at  the  circumference  of  which  the  power  is  applied. 
The  power  may  be  animal  effort  on  the  outside  of  the  wheel,  or 
the  weight  of  a  man  or  beast  walking  in  the  inside,  and  moving 
it  as  a  squirrel  moves  the  cylinder  of  its  cage. 

The  capstan  on  board  of  ships, 
is  merely  a  large  upright  axb  or 
spindle  by  which  by  turning  pulls 
.the  cable  or  rope  a  be.  It  is 
„  turned  by  the  men  pushing  at  the 
capstan-bars  <^,  e,  /,  &c.,  which 
for  the  time  are  stuck  into  holes 
made  for  them  in  the  broader  part  or  drum,  usually  appearing 
above  the  deck,  at  the  top  of  the  spindle.  These  bars  may  be 
considered  as  the  spokes  of  a  large  wheel,  and  the  effect  produ- 
ced by  a  man  working  at  one  of  them  is  in  proportion  to  his 
distance  from  the  centre.  The  capstan  is  chiefly  used  on  board 
ships  for  lifting  the  anchor,  and  for  doing  any  other  very  heavy 
work;  but  it  is  also  applied  to  many  purposes  on  shore. 

The  common  winch  (represented  as  attached  to  the  wheel 
and  axle  in  page  171,  at  the  letter  c,)  with  which  a  grindstone 
is  turned,  or  a  crane  worked,  or  a  watch  wound  up;,  is  really  in 
principal  a  wheel:  for  the  hand  of  the  worker  describes  a  cir- 
cle, and  there  is  no  difference  in  the  result  whether  an  entire 
wheel  be  turning  with  the  har^d  or  only  a  single  spoke  of  a  wheel. 
That  part  of  a  common  watch  called  the  /usee  is  as  beautiful 
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an  illustration  of  the  principle  of  the  wheel  and  axle  now  under 
consideration,  as  it  is  a  useful  and  ingenious  contrivance.  The 
spring  of  a  watch,  immediately  after  winding  up,  being  more 
bent,  is  acting  more  powerfully  than  afterwards  when  slacker, 
and  if  there  were  no  means  of  equalizing  its  action,  it  would 
destroy  the  wished-for  uniformity  in  the  motion,  of  the  time- 
pieces. The  fusee  is  this  means.  It  may  be  considered  as  a 
barrel  or  spindle,  gradually  diminishing  from  its  large  end  b,  to  its 

small  end  a,  with  the 
surface  cut  into  a  spiral 
groove  to  receive  the 
chain  by  pulling  at 
which  the  spring  in  the 
box  c  moves  the  watch. 
Now  then  when  the  watch  has  been  wound  up,  by  a  key  ap- 
plied on  the  axis  of  the  fusee,  the  fusee  is  covered  with  the 
chain  up  to  the  small  end  a,  and  the  newly  bent  and  strong 
spring  begins  to  pull  by  this  small  end  or  short  lever ;  afterwards, 
exactly  as  the  spring  becomes  relaxed  and  weaker,  it  is  pulling 
at  a  lai^r  and  larger  part  of  the  fusee-barrel,  and  so  keeps  up 
an  equal  effect  on  the  general  movement 

A  large  fusee  in  place  of  a  common  cylindrical  axle,  is  often 
used  with  a  winch,  for  drawing  water  by  bucket  and  rope  from 
very  deep  wells.  When  the  bucket  is  near  the  bottom  of  the 
well,  and  the  labourer  has  to  overcome  the  weight  of  tiie  long 
rope,  in  addition  to  that  of  the  bucket  and  water,  he  does  so 
,  more  easily  by  beginning  to  wind  the  rope  on  a  small  axle,  that 
is  to  say,  on  the  small  end  of  the  fusee  ;  and  in  proportion  as  the 
length  of  the  rope  diminishes,  he  is  lifting  by  a  larger  axle. 

By  the  double  axle  a  6,  very  un- 
»  IP  ^  equal  intensities  of  force  may  be  ba- 
lanced. We  see  that  in  turning  it,  a 
rope  unwinding  from  the  small  end 
a,  is  taken  up  by  the  large  end  b, 
turn  for  turn,  and  that  the  rope  below 
must  be  shortened  at  each  turn  by 
the  difference  between  the  circum* 
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-  ference  of  tbe  endBj  a  and  b.  If  the  weight  rise  half-an-inch 
only,  while  the  handle  of  the  winch  deacribes  a  circle  of  fifty- 
inches  ;  one  pound  force  at  the  winch  would  balance  one  hun- 
dred pounds  at  d. 

By  means  of.a  wheel  which  is  very  large,  in  proportion  to  its 
axle,  forces  of  very  different  intensities  may  be  balanced,  but  the 
machine  becomes  of  inconvenient  proportions.     It  is  found  pre- 
ferable, tiierefore,  when  a  great  difference  of  velocity  is  required^ 
A,    mm  ^  to  use  a  combination  of  wheels  of 

.  .^sr^^^S^*""*^^^^*^-'-**^        moderate  size.     In  the  adjoining 
^  -fi/^>K      b^oa    \jiiA  ^      fiirure  three  wheels  are  seen  thus 
a      jV^'      &a^     Eo^    k      connected.     Teeth  on  the  axle  rf, 
^«i^J^v^^»;^y,j^^^**-^  I      of  the  first  wheel  c,  acting  on  six 
I  i^ ,  times  the  number  of  teeth  in  the 

Q  circumference  of  the  second  wheel 

^  g^  turn  it  only  once  for  every  six 

times  that  c  turns ;  and  in  the  same 
manner  the  second  wheel,  by  turning  six  times,  turns  the  third 
wheel  A  once  ;  the  first  wheel,  therefore,  turns  thirty-six  times 
for  one  turn  of  the  last ;  and  as  the  diameter  of  the  wheel  c,  to 
which  the  power  is  applied,  is  three  times  as  great  as  that  of  the 
axley*,  which  has  the  resistance:  three  times  thirty-six,  or  one 
hundred  and  eight,  is  the  difference  of  velocity,  and  therefore 
of  intensity,  between  weights  or  forces  that  will  balance  here» 
An  axle  with  teeth  upon  it,  as  d  or  e,  is  called  a  pinion. 

On  the  principle  of  combined  wheels,  cranes  are  made,  by 
which  one  man  can  lift  many  tons.  It  is  even  possible  to  make 
an  engine,  by  means  of  which  a  little  windmill,  of  a  few  inches 
in  diameter,  should  tear  up  the  strongest  oak  by  the  roots  ; 
but  of  course  it  would  require  a  very  long  time  for  its  work. 

The  most  familiar  instances  of  wheel-work  are  in  our  clocks 
and  watches.  One  turn  of  the  axle  on  which  the  watch-key  is 
fixed,  is  rendered  equivalent,  by  the  train  of  wheels,  to  about 
four  hundred  turns  or  beats  of  the  balance-wheel;  and  thus  the 
exertion  during  a  few  seconds,  of  the  hand  whi(^  winds  up, 
gives  motion  for  twenty-four  or  thirty  hours.    By  increasing 
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the  number  of  wheels,  time-pieces  are  made  which  go  for  «  yean 
if  the  material  would  last,  they  might  easily  be  made  to  go  for 
a  hundred  or  a  thousand  years. 

Wheels  may  be  connected  by  bands  as  well  as  by  teeth.  This 
is  seen  in  the  common  spinning  wheel,   in  turning  lathes, 

grind-stones,  &e.  &c.     A 

spinning  wheel,  as  a  c,  of 

^•••^•.  thirty  inches  in  oircumfer* 

i  ence,  turns  by  its  band  a 

^,»«-  pirn  or  spindle  of  half  an 

inch,    b,    sixty  times  for 

every  turn  of  itself. 

^'  T%e  inclined plane^* 

is  the  third  means,  which  we  shall 
describe,  of  balancing  forces  of  dif« 
ferent  intensities,  by  solid  media. 
A  force  pushing  a  weight  from  c 
to  dy  only  raises  it  through  the  per* 
pendicular  height  e  d^  by  acting  along  the  whole  length  of  the 
plane  c  d;  and  if  the  plane  be  twice  as  long  as  it  is  high,  one 
pound  at  by  acting  over  the  pulley  dy  would  balance  two  pounds 
as  at  a,  any  where  on  the  plane:  and  so  of  aU  other  quantities 
and  proportions. 

A  horse  drawing  on  a  road  where  there  is  a  rise  of  one  foot 
in  twenty,  is  really  lifting  one  twentieth  of  the  load,  as  well  as 
overcoming  the  friction  and  other  resistance  of  the  carriage. 
Hence  the  importance  of  making  roads  as  level  as  possible;  and 
hence  the  error  of  our  forefathers,  in  often  carrying  their  roads 
directly  over  hills,  for  the  sake  of  straightness  considered  ver- 
tically, where,  by  going  round  the  bases  of  the  hills  they  would 
scarcely  have  had  greater  distance,  and  would  have  avoided  all 
rising  and  falling.  Hence,  also,  a  road  up  a  very  steep  hill  must 
be  made  to  wind  or  zig-zag  all  the  way:  for  to  reach  a  given 
height,  the  ease  of  the  pull  to  the  horses  is  greater  exactly  as 
the  road  is  made  longer.     This  rule  of  road-making  is  exhibited 
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remarkably  in  various  parts  of  the  world,  on  hills  with  almost 
perpendicular  face,  where  very  safe  and  commodious  roads  have 
been  made,  leading  to  forts  or  residences  near  the  summits. 
An  intelligent  driver,  in  ascending  a  steep  hill  by  a  broad  road, 
winds  from  side  to  side  all  the  way,  to  save  his  horses  a  little. 

The  railways  of  modern  times  offer  a  beautiful  illustration  of 
this  subject  They  are  made  either  perfectly  level,  so  that  the 
drawing  horse  or  steam-engine  has  only  to  overcome  the  fric- 
tion of  the  carriage;  or,  where  heavy  loads  are  passing  only  in 
one  direction,  as  firom  mines,  they  are  made  to  slope  a  very  lit- 
tle, so  that  the  horse  or  other  power  has  only  to  regulate  the 
movement 

Hogsheads  of  merchandize,  which  twenty  men  could  not  lift 
directly,  are  often  seen  moved  out  of  or  into  wagons,  by  one 
or  two  men,  who  have  the  assistance  of  inclined  planes.  In 
some  canals,  the  loaded  boats  are  drawn  up  by  machinery  on 
the  inclined  planes,  instead  of  being  raised  in  locks  as  is  usual. 

It  is  supposed  that  the  ancients  (the  Egyptians  particularly) 
must  have  used  the  inclined  plane,  to  assist  in  elevating  and 
placing  those  immense  masses  of  stone,  which  still  remain  from 
their  times,  in  their  gigantic  pieces  of  architecture. 

Our  common  stairs  are  inclined  planes  in  principle;  but,  being 
so  steep,  are  cut  into  horizontal  and  perpendicular  surfaces,  that 
they  may  afford  a  firm  footing. 

A  body  falling  freely,  in  obedience  to  gravity,  descends  about 
sixteen  feet  in  the  first  second,  as  already  explained  at  page  103. 
If  made  to  roll  down  an  inclined  plane,  it  moves  just  as  much 
slower  than  this  (supposing  no  friction  nor  loss  from  the  turning 
produced,)  as  the  length  of  the  plane  is  greater  than  the  height 
In  a  plane  falling  one  foot  in  sixteen  of  its  length,  a  body  would 
roll  down  only  one  foot  in  the  first  second. 

The  descent  of  a  pendulum  in  its  arc  is  investigated  mathe- 
matically by  the  laws  of  the  inclined  plane,  which  it  exactly 
obeys.  And  the  laws  of  the  inclined  plane  itself  are  mathema- 
tically examined  by  the  principle  of  the  resolution  of  forces, 
explained  at  p.  100. 
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is  merely  an  inclined  plane  force  forward  between 
resistances  to  separate  or  overcome  them,  instead 
of,  as  in  the  last  eaae,  being  stationary,  while  the 
resistance  is  moved  along  its  surface.  The  same 
rule  as  to  mechanical  advantage  has  been  applied 
to  both  cases:  the  force  acting  on  a  wedge  being 
considered  as  moving  through  a  space  equal  to  its 
hngth  c  dj  and  the  resistance  as  pelding  through 
a  space  equal  to  its  breadth  a  b.  But  this  rule  is  far  from  ex* 
plaining  Uie  extraordinary  power  of  a  wedge.  It  appears,  that 
during  the  tremor  produced  by  the  blow  of  the  driving  ham- 
.meTf  the  wedge  insinuates  itself  and  advances  much  more  quick- 
ly than  the  above  rule  anticipates. 

The  wedge  is  used  for  many  purposes;  as  for  splitting  blocks 
of  stone  and  wood;  for  squeezing  strongly,  as  in  the  oil  press 
for  lifting  great  weights,  as  when  a  ship  of  war,  in  dock,  is 
raised  by  wedges  driven  under  the  keel,  &c 

An  engineer  in  London,  who  had  built  a  very  lofty  and 
heavy  chimney  for  his  steam-engines  and  furnaces,  found  after 
a  time  that  it  was  beginning  to  incline,  owing  to  the  dampness 
ot  the  foundation.  However,  by  driving  wedges  under  one 
side  of  it,  he  succeeded  in  restoring  it  to  perfect  uprightness. 

Nails,  awls,  needles,  &c.  are  examples  of  the  wedge;  as  are 
jalso  all  our  cutting  instruments,  knives,  razors,  the  axe,  &c. 
These  latter  are  often  used  somewhat  in  the  manner  of  a  saw — 
which  is  a  iseries  of  small  wedges, — ^by  pulling  them  lengthwise 
at  the  same  time  that  they  are  pressed  directly  forward  against 
the  object  It  appears  that  the  vibration  of  the  particles  pro- 
duced by  this  drawing  action  enables  the  edge  to  insinuate  it- 
self more  easily.  The  shaqpest  razor  may  be  pressed  directly 
against  the  hand  with  considerable  force,  and  will  not  enter,  but 
if  then  drawn  along  ever  so  little,  it  will  dart  into  the  flesh. 
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"  The  Screw^^ 
is  another  of  the  simple  machines.  It  may- 
be called  a  winding  wedge,  for  it  has  the 
same  relation  to  a  straight  wedge  that  a 
road  winding  up  a  hill  or  tower  has  to  a 
straight  road  of  the  same  length  and  ac- 
clivity. 
A  screw  may  be  described  as  a  spindle 
j=A     a  rf,  with  a  thread  wound  spirally  round 

1    it,  turning  or  working  in  a  nut  c,  which 

has  a  corresponding  spiral  furrow  fitted  to  receive  the  thread. 
The  nut  is  sometimes  called  the  female  screw.  Every  turn  of 
the  screw  carries  it  forward  in  a  fixed  nut,  or  draws  a  moveable 
nut  along  upon  it,  by  exactly  the  distance  between  two  turns  of 
its  thread:  this  distance,  therefore,  is  the  space  described  by  the 
resistance,  while  the  force  moves  in  the  circumference  of  the 
circle  described  by  the  handle  of  the  screw,  as  at /in  the  figure. 
The  disparity  between  these  lengths  or  spaces  is  often  as  a  hun- 
dred or  more  to  one;  hence  the  prodigious  efiects  which  a  screw 
enables  a  small  force  to  produce. 

Screws  are  much  used  in  presses  of  all  kinds:  as  in  those  for 
squeezing  oil  and  juices  from  vegetable  bodies,  as  linseed,  rape- 
seed,  silmonds,  apples,  grapes,  sugar-cane,  &c.  &c. ; — ^they  are 
used  in  the  cotton-press,  which  reduces  a  great  spongy  bale,  of 
which '  a  few,  comparatively,  would  fill  a  ship,  to  a  compact 
package,  heavy  enough  to  sink  in  water; — in  the  common  print- 
ing press,  which  has  to  force  the  paper  strongly  against  the 
types; — a  screw  is  the  great  agent  in  the  coining  machinery  at 
our  mints — and  in  letter-copying  machines;— it  is  a  screw  which 
draws  together  the  iron  jaws  of  a  smith's  vice,  &c.  &c. 

As  a  screw  can  easily  be  made  with  a  hundred  turns  of  its 
thread  in  the  space  of  an  inch,  and  at  perfectly  equal  distances 
from  each  other,  it  enables  the  mathematical  instrument-maker 
to  mark  divisions  on  his  work,  with  a  minuteness  and  accuracy 
quite  extraordinary.  If  we  suppose  such  a  screw  to  be  pulling 
forward  a  plate  of  metal,  or  &e  edge  of  a  circle,  over  wliich  a 
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sharp-pointed  ateel  marker  is  placed,  which  moves  up  and  down 
perpendicularly,  the  marker,  if  let  down  once  for  every  turn  of 
the  screw,  will  make  just  as  many  lines  on  the  plate;  but  if 
made  to  mark  at  every  hundreth  or  thousandth  of  a  turn  of  the 
screw,  which  it  will  do  with  equal  accuracy,  it  may  draw  a 
hundred  thousand  distinct  lines  in  one  inch. 

The  micrometers,  by  which  the  sizes  of  the  heavenly  bodies 
and  of  microscopic  objects  are  ascertained,  are  worked  by 
screws. 

A  perpetual  screw  is  the  name  given  where  a  screw  acts  on 
the  teeth  of  a  wheel,  so  as  to  give  It  continued  motion. 

The  screw  is  an  exceedingly  useful  contrivance,  although  pro- 
ducing so  much  friction  as  to  consume  a  considerable  part  of  the 
force  used  in  working  it 

A  common  cork-screw  is  the  thread  of  a  screw  without  the 
Spindle,  and  is  used,  not  to  connect  opposing  forces,  but  merely 
to  enter  and  fix  itself  in  the  cork.  There  are  complicated  cork- 
screws now  made,  which  draw  the  cork  by  the  action  of  a  se- 
cond screw,  or  of  a  toothed  rod  or  rack  and  pinion. 
«  Thepulky'' 

is  another  simple  machine,  by  which 
forces  of  different  intensities  may  be  bal- 
anced.    A  simple  pulley  consists  of  a 
^..^  wheel  as  a  6,  which  rests  with  its  grooved 

'  ^    n  IS  circumference  on  the  bend  of  a  rope,  c  a 

b  d,  and  to  the  axis  of  which  the  weight 
or  resistance  is  attached,  as  at  e. 

In  such  a  construction,  it  is  evident 
that  the  weight  (let  it  be  supposed  ten 
pounds)  is  equally  supported  by  each  end 
X>f  the  rope,  and  that  a  man  holding  up  one  end,  only  bears  half 
of  it,  or  five  pounds  ;  but  to  raise  tiie  weight  one  foot,  he  mudt 
draw  up  two  feet  of  rope ;  therefore,  with  the  pulley  he  lifts  five 
pounds  two  feet,  where  he  wouldhave  to  lift  ten  pounds  one  foot 
without  the  pulley. 

Many  wheels  may  be  combined  together,  and  in  many  ways 
to  form-compound  pulleys^   Wherever  there  is  but  one  rope  rua* 
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ning  through  the  whole^  as  shown  here,  the  re- 
lation  of  power  and  resistance  is  known  by  the 
number  of  folds  of  the  rope  which  support  the 
weight  Here  there  are  four  folds,  and  a  power 
of  one  hundred  pounds  would  balance  a  resistance 
of  four  hundred.  As  persons  using  pulleys,  gen- 
erally find  it  more  convenient  to  stand  upon  the 
ground  than  to  go  up  and  apply  their  force  di- 
rectly to  one  of  the  supporting  ropes,  the  last 
supporting  rope  is  commonly  made  to  pass  over 
a  wheel  above,  and  to  come  down  apart  from  the 
others,  as  seen  here.  This  portion  not  being  di* 
_jtly  connected  with  the  weight,  adds  convenience  to  the  pul- 
ley, but  is  not  to  be  counted  with  the  others,  in  estimating  the 
relation  of  the  power  and  resistance. 

In  JlxedpuUej/s,  like  those  shown  at 
a  and  c,  there  is  no  mechanical  advan* 
tag^,  for  the  weight  just  moves  as  fast  as 
the  power;  yet  such  pulleys  are  of  great 
use  in  changing  the  direction  of  forces. 
A  sailor,  without  moving  from  the  deck 
of  his  ship,  by  means  of  such  a  pulley, 
^  may  hoist  the  sail  or  the  signal-flag  to 
the  top  of  the  loftiest  mast  And  in 
/  the  building  of  lofty  edifices,  where 
heavy  loads  of  material  are  to  be  sent 
up  every  few  minutes,  a  horse,  trotUng  away  with  the  end  of 
the  rope  from  d,  in  a  levd  court-yard,  causes  the  charged  bas- 
ket b  to  ascend  to  the  summit  of  the  building  as  effectually  as  if 
he  had  the  power  of  climbing  the  perpendicular  wall  with  it,  at 

the  same  rate. 

There  is  a  case,  however,  in  which  a  fixed  pulley  may  seem 
a  balancer  of  different  intensities  of  force;  viz.  where  one  end 
of  a  rope  is  attached  to  a  man's  body,  and  the  other  is  carried 
<fver  a  puUey  above,  and  brought  down  again  to  his  hands;— for 
safety  this  end  also  should  be  attached  to  his  body.  By  using 
the  hands  then  to  pull  with  force  equal  Xo  half  his  weighty  he 
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•upports  himself^  and  may  easily  raiae  himself  to  the  pulley. 
A  man,  by  a  pulley  thus  employed^  may  let  himself  down  into 
a  deep  well,  or  from  the  brow  of  a  cliff,  with  assurance  of  being 
able  easily  to  return,  although  no  one  be  near  to  help  him;  and 
cases  have  often  occurred  where,  by  such  means,  a  fellow-crea- 
ture's life  might  have  been  saved,  or  other  important  objects 
attained.  How  easily,  for  instance,  might  persons  either  reach 
or  escape  from  the  elevated  windows  of  a  house  on  fire,  by  a 
|>ulley  which  might  readily  be  found  and  carried  where  ladders 
could  not  be  obtained!-^uch  a  pulley  furnishes  a  convenient 
means  of  taking  a  bath,  without  assistance,  from  a  ship's  stem 
windows,  &c. 

The  chief  use  of  the  pulley  is  on  ship-board*  It  is  there 
called  a  block,  although  strictly  speaking,  the  block  is  only  tho 
wooden  mass  which  surrounds  the  wheel  or  wheels  of  the  pulley. 
It  aids  so  powerfully  in  overoomiog  the  heavy  strains  of  placing 
the  anchor,  hoisting  the  masts  and  sails,  &c*,  that  by  means  of 
it  a  smaller  number  of  sailors  are  rendered  equal  to  the  duties 
of  the  ship.  Pulleys  are  also  used  on  shorcy  instead  of  cranes 
and  capstans,  for  lifting  weights,  and  overoomiog  other  resis* 
tances. 

Surgpeons,  in  former  days,  when  they  trusted  rather  to  force 
than  to  the  address  which  better  information  gives,  used  pullciy» 
much  to  help  in  the  reduction  of  luxations, — but  often  hurtfuUy, 
from  not  understanding  the  force  of  the  pulley.  A  man  who 
diould  now  igoorantly  stretch  his  patient  on  the  rack,  would  be 
well  requited  by  similar  treatment* 

The  cranks  of  bell-wires,  seen  in  the  comers  of  our  rooms> 
are  bent  levers  nearly  equivalent  to  fixed  pulleys. 

There  is  no  reason,  but  old  usage,  why  the  appellation  of  me- 
chanical power  should  be  confined  to  the  six  contrivances 
now  explained,  for  those  of  which  the  account  is  yet  to  follow 
equally  deserve  it^  and,  as  will  be  seen  under  hydrostatics 


*  TnXhyu  »•  0t9l  oMd,  I17  surgeons,  in  the  rsdactioa  of  haalkmss  tA  when 
properly  applied,  with  great  •dvaatage.  Au.  &^ 
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and  pneumaticsy  the  most  powerful  mechanical  engines  do 

not  belong  to  solids  at  all. 

Engine  of  oblique  ^action^  is  a  title  which  may  include  a 
considerable  variety  of  contrivances  for  connecting  different 
velocities. 

f  Suppose  c  a  and  c  6  to  represent  two 

strong  rods  connected  together,  like  a 
carpenter's  folding  rule,  by  a  hinge  or 
..........  ^  joint  at  c.  If  the  distant  ends  be  made 
to  bear  against  notches  in  two  obstacleSi 
at  a  and  bj  and  by  force  then  applied  to 
c,  either  to  push  or  to  pull,  the  joint  c 
be  straightened  or  carried  towards  d  the  joint  c  will  move  through 
a  much  greater  space  than  the  simultaneous  increase  of  distance 
produced  between  a  and  b;  and,  in  proportion  to  the  disparity 
the  power  applied  at  c  will  overcome  a  more  intense  resistance 
at  the  extremities.  The  mechanical  power  of  this  contrivance 
increases  rapidly,  the  nearer  the  jointed  rods  approach  to  sUaight- 

ness. 

If  we  suppose  the  end  a  to  be  steadied  by  a  hinge  on  frame- 
work, and  the  end  b  to  bear  upon  that  part  of  a  printing-press 
which  carries  the  paper  against  the  types,  we  have  imagined  the 
simple  and  excellent  press,  called  from  its  contriver,  the  Rus- 
sel-press.  A  man's  force  at  d,  at  the  moment  when  the  rods 
are  drawn  nearly  to  a  straight  line,  becomes  equivalent  to  a 
pressure  of  many  tons.  This  form  of  press,  from  being  sim- 
pier  and  cheaper,  is  now  by  some  preferred  to  the  screw-press. 

For  the  same  reason,  that  by  urging  c  towards  rf,  in  the 
last  figure,  the  extremities  a  and  b  are  separated  with  great 
force,  so  by  urging  c  in  the  contrary  direction,  the  extremities 
would  be  drawn  together  with  equal  force:  and  if  we  suppose  a 
c  6  to  be  part  of  a  rope  coming  through  pulleys  at  a  and  6,  to 
one  end  of  which  rope  beyond  a,  great  resistance  is  attached, 
one  man,  by  pulling  at  c,  may  move  the  weight  or  resistance, 
although  it  be  many  times  greater  than  he  could  move  by  lus 
direct  power. 
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The  following  is  another  mode  of  connecting  an  oblique 
and  direct  force^  so  as  to  balance  them,  al- 
though of  different  intensities. — If  to  turn 
a  wheel  a  e  rf,  a  weight  be  suspended  from 
df  it  is  acting  directly,  for  it  descends  just 
as  fast  as  the  circumference  of  the  wheel 
moves,  and  would  therefore  be  turning 
with  its  whole  strength;  but  if  it  were 
suspended  from  the  point  e  it  would  then 
be  acting  obliquely  to  the  motion  of  that 
part  of  the  wheel,  and  from  not  descend- 
ing so  fast  as  if  at  rf,  it  would  have  as  much  less  effect  on  the 
wheel,  than  if  there,  as  the  line  e  ft  is  shorter  than  the  line  d  c. 
The  reason  of  this  will  be  understood  by  referring  to  the  subjects 
of  resolution  of  forctSy  and  of  heM  leversy  in  former  parts 
of  the  work.  For  the  same  reason;  if  such  a  wheel  were  used 
in  lifting  weights,  a  man  could  lift  as  much  more  attached  at  the 
point  e  than  at  the  point  d,  as  the  line  d  c  is  longer  then  e  b, 
A  man  turning  this  wheel  in  the  direction  from  e  to  a,  with  a 
weight  hanging  at  e,  would  be  lifting  that  weight  exactly  as  if 
he  were  rolling  it  up  the  inclined  plane  or  curve  e  a.  This 
figure  is  useful  in  explaining  the  varying  intensity  of  the  action 
of  a  crank  or  winch,  in  different  parts  of  its  revolution,  and  of 
the  combination  of  levers  used  in  the  Stanhope  printing  press^ 
in  their  different  positions:  it  explains  also  the  degrees  of 
strength  and  support  afforded  by  oblique  stays  in  buidings  and 
in  ships'  rigging,  and  many  other  kindred  matters. 

The  arrangement  of  cross-jointed 
wires,  represented  here,  connects  dif- 
ferent velocities,  and  therefore  is  really 
a  mechanic  power.  It  has  been  applied 
to  some  curious  purposes,  but  to  none 
of  much  utility.  By  pressing  the  ends 
a  and  b  towards  each  other,  the  wires,  from  being  as  represented 
in  the  upper  fii^re^  immediately  assume  the  position  represented 
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in  the  lower;  so  that  the  end  c  darts  outvrards  much  farther  Uian 
the  ends  a  and  h  approximate* 

Different  intensities  of  force  are  balanced,  although  not  simul- 
taneously, by  the  following  means,  which  therefore,  accord- 
ing to  the  old  idea,  have  some  claim  to  the  name  of  mechanic 
powers, 

A  man  may  have  an  object  to  effect,  which  a  forcible  down- 
ward push  would  accomplish:  but  his  body  being  too  weak  to 
pre  that  push  directly,  he  may  employ  a  certain  time  in  carry- 
ing a  weight  up  to  such  an  elevation  above  his  work,  that  when 
let  fall  its  momentum  may  do  what  is  required.  Here  the  con- 
tinued effort  of  the  man  in  lifting  the  weight  to  a  height  of  per- 
haps thirty  feet  may  be  just  sufficient  to  produce  a  blow  which 
will  cause  a  stake  or  pile  to  sink  into  the  earth  one  inch;  and 
the  contrivance  has  therefore  balanced  forces,  which  are  to  each 
other  in  intensity  as  thirty  feet  to  an  inch. 

So  also  hammers,  clubs,  battering  rams,  slings,  &c.  are  ma- 
chines which  enable  a  continued  moderate  efibrt  to  overcome  a 
momentary  great  resistance. 

The  fly  wheel,  which  by  persons  ignorant  of  natural  philoso- 
phy has  often  been  accounted  a  positive  power,  in  common 
cases  merely  equalizes  the  effect  of  an  irregular  force.  In  using 
a  winch  to  -turn  a  mill,  for  instance,  a  man  does  not  act  with 
equal  force  all  round  the  circle;  but  a  heavy  wheel  fixed  on  the 
axis  resists  acceleration  and  receives  a  momentum  while  his 
action  is  above  par,  and  returns  it  again  while  his  action  is  below 
par,  thus  equalizing  the  movement.  And  in  the  common  in- 
stances of  circular  motion  produced  by  a  crank,  as  when  by  the 
pressure  of  the  foot  on  a  treadle,  we  turn  a  lathe  or  grindstone 
or  spinning-wheel,  the  force  is  only  applied  during  a  small  part 
of  the  revolution,  or  in  the  form  of  interrupted  pushes,  yet  the 
motion  goes  on  steadily,  because  the  turning  grindstone,  or 
wheel,  or  lathe,  becomes  a  fly  and  reservoir,  equalizing  the 
effect  of  the  force.  In  a  steam-engine  which  moves  machinery 
by  a  crank,  the  upward  and  downward  pushes  of  the  piston  are 
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conrertod^  by  meons  of  a  heavy  fly-wheel,  into  a  very  steady 
rotatory  motion. 

A  heavy  wheels  honrever,  haa  aometimes  been  used  as  a  coi)- 
oeiitrator  of  force  or  a  meehaoic  power.  By  means  of  a  winch, 
oe  a  imght,  or  otherwise,  motion  or  momentum  is  gradually 
accumulated  in  the  wheel,  and  is  then  made  to  expend  itself  ip 
producing  some  sudden  and  proportionally  great  efiiect  Thus 
a  man  may  lift  a  very  heavy  weight  by  a  fly-wheel: — ^flrst 
giving  motioii  to  the  wheel  by  turning  a  winch  for  a  certaiA 
number  of  seconds,  and  then  suddenly  hooking  a  rope  to  its  axle, 
which  xope  being  wound  up  on  the  axle,  lifts  the  weight. 

A  fly  wheel  moved  in  the  same  manner,  and  containiqg  the 
result  of  a  man's  action  during  perhaps  one  hundred  seconds,  if 
siadi^  to  impel .  a  acrew-press  will,  with  one  blow  or  pyncb, 
elamp  a  perfect  medal,  or  form  from  a  rough  flat  plate  of  silver 
a  flniabed  q)oon^  or  other  utensiL 

A  spring,  in  the aaroe  sense,  may  become  a  mechanical  power* 
A  person  may  expend  some  minutes  in  bending  it,  and  may 
thea  let  fly  its  accumulated  energy  in  an  instantaneous  blow. 
A  gUA-lock  shows  this  phenomenon  on  a  small  scale.  The  slow 
bending  of  a  bow,  which  afterwards  shoots  its  arrow  with  avich 
velocity^  is  another  instance. 

Thsse,  then,  are  the  principal  means  which  the  aoIi4  atate 
of  bodies  affords  us  of  balancing  forces  of  difierent  intenaiti^. 
We  ahall  find  other  such  means  or  mechanic  powera  jbelpngjing 
to  liquids  aod  airs.  Ail  of  them  are  of  ineatimable  valuta  to 
man,  by  enabling  him  to  accommodate  the  forces  wbich  ^e  pm 
oommaod  to  any  kind  of  work  which  he  has  toiperfprm-  TJtii|S 
he  makes  his  mijlatone  torn  with  the  same  velocity,  whetiberit  he 
»K>yed  by  the  slow  exertion  of  a  horse  or  bullock  in  a  Ti»gf  ^ 
by  the  quicker  motion  of  a  river  gliding  under  the  wheels  tsr  by 
the  rapid  gush  of  a  water-fall,  or  by  the  invisible  awiftsnaas  of 
the  wind.  And  again,  each  of  these  forces  he  can  equally  jap- 
jdy  to  turn  <tfae  heavy  anillatone  or  to  twsist «. cotton  t^^ead- 

The  wants  <if  men  aaem  iflrat  lo  iKive  led  Hhem  ^ , use  the 

Aa 
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simple  machines  for  the  purposes  of  raising  great  weights,  or 
overcoming  great  resistances,  and  hence  they  were  long  called 
the  mechanic  powers, — ^particularly  the  Lever,  Wheel  and 
Axle,  Plane,  Wedge,  Screw,  and  Pulley:  but  the  term  convejrs 
to  the  uninformed  a  false  idea  of  their  real  nature,  and  has  be- 
gotten the  .common  prejudice  with  respect  to  them,  that  they 
generate  force,  or  have  a  sort  of  innate  power  for  saving  labour. 
Now  so  far  is  this  from  being  true,  that  in  using  them  in  any 
case,  even  more  labour  or  bodily  exertion  is  expended  than 
would  suffice  to  do  the  work  without  them.  This  assertion  is 
intentionally  rendered  paradoxical  to  arrest  attention,  but  its 
truth  will  appear  from  the  following  considerations. 

One  man  may  be  able,  with  a  tackle  of  pulleys  having  ten 
plies  of  the  rope,  to  raise  a  weight  which  it  would  require  ten 
men  to  raise  at  once  without  pulleys.  But  if  the  weight  is  to  be 
raised  a  yard,  the  ten  men  will  raise  it  by  pulling  at  a  single  rope 
and  walking  one  yard,  while  the  single  man  at  his  tackle  must 
walk  until  he  has  shortened  the  ten  plies  of  rope  of  one  yard 
each;  that  is,  he  must  walk  ten  yards,  or  ten  times  as  far  as  the 
ten  men  did.  In  both  cases,  therefore,  we  have  just  the  same 
quantity  of  man^s  work  expended,  to  accomplish  the  same  end, 
in  the  one  case  performed  by  ten  men  in  one  minute,  in  the 
other,  by  one  man  in  ten  minutes;  and  if  the  work  continues 
longer,  let  us  say  a  whole  day  for  the  ten  men,  it  will  last  ten 
days  for  the  single  man,  and  there  will  be  ten  days'  wages  of  a 
man  to  pay  in  both  cases:  there  is,  therefore,  no  saving  of  hu- 
man effort  from  using  the  pulleys,  but  a  loss,  because  of  the  great 
friction  which  has  to  be  overcome.  Now  exactly  the  same  is 
true  of  all  other  simple  machines,  or  mechanic  powers;  none  of 
them  save  labour,  in  a  strict  sense  of  the  phrase;  they  only  allow 
a  small  force  to  take  its  time  to  produce  any  requisite  magnitude 
of  effect. 

The  real  advantages  of  these  machines  are  such  as  the  follow- 
ing: 

That  one  man's  effort,  or  any  small  power,  which  is  always 
at  command,  by  working  proportionally  longer,  will  answer 
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the  purpose  of  the  sudden  effort  of  many  men,  even  of  hun- 
dreds or  thousands^  whom  it  might  be  most  inconvenient  and 
expensive,  or  even  impossible,  to  bring  together. 

A  ship's  company  of  a  few  individuals  easily  weif^s  a  heavy 
anchor  by  means  of  the  capstan. 

A  solitary  workman,  with  his  screw  or  other  engine,  can 
press  a  sheet  of  paper  against  types,  so  as  to  take  off  a  clear  im- 
pression; to  do  which  without  the  press,  the  direct  push  of  fifty 
men  would  be  insufBcient;  and  these  fifty  men  would  be  idle 
and  superiluous  except  just  at  the  instants  of  pressing,  which  re- 
cur only  now  and  then.  In  this  way  the  screw  may  be  said  to 
do  the  work  of  fifty  men,  for  it  is  as  useful  here. 

A  man  with  a  crow-bar  may  move  a  g^reat  log  of  wood  to  a 
convenient  place,  where  twenty  men  would  have  been  required 
to  move  it  without  the  crow-bar;  and  although  the  single  man 
takes  twenty  minutes  perhaps,  to  do  what  the  many  men  would 
have  done  in  one  minute,  as  the  twenty  might  not  have  been 
wanted  again  for  the  rest  of  the  day,  the  crow-bar  may  really  be 
as  useful  as  the  twenty  men. 

It  is  so  important  to  have  correct  notions  on  the  subject  of 
the  simple  machines  or  mechanical  powers,  that  more  space  has 
been  here  allotted  to  the  explanation  of  the  general  principle, 
than  has  been  usual  In  such  works.  After  the  examination 
which  it  has  now  undergone,  however,  the  author  hopes  that 
none  of  his  readers  would  have  diflScuIty  in  detecting  immedi- 
ately any  common  fallacy  connected  with  it; — as  that  of  suppo- 
sing, for  instance,  that  a  lever,,  or  great  pendulum^  or  spring,  or 
heavy  fly-wheel,  &c.  can  ever  exert  more  force  than  has  passed 
into  it  from  some  source  of  motion. 

*'  By  solid  connecting  parts^  also,  the  direction  of  any  ex- 
isting motion  or  force  may  be  changed.  Hence  the  end- 
less variety  of  Complex  Machines.  *'  {Read  the  analysis 
at  page  141.) 

It  is  this  power  of  changing  the  direction  of  motion^  added  to 
the  power  of  adjusting  intensities  of  force  by  the  simple  ma- 
chines last  described,  which  has  enabled  man  to  make  complex 
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machines,  rivalling  in  their  performances  the  work  of  human 
hands.  It  would  be  endless  to  attempt  the  enumeration  of  the 
modes  in  which  the  direction  of  motions  may  thus  be  chang^, 
for  it  would  be  to  enumerate  and  describe  the  whole  apparatus 
of  the  arts  and  sciences;  but  we  shall  adrert  to  a  few  as  specie* 
mens. 

Straight  motion  into  rotatory. — Th6  straight  motion  of 
wind  or  water  becomes  rotatory  in  wind  or  water-wheel6.-^The 
straight-downward  pressure  of  the  human  fool^  acting  at  inter-* 
vals  on  a  treadle  and  crank,  turns  round  the  grindstone,  and 
common  lathe,  and  spinning-wheel.  The  alternate  rising  and 
falling  of  the  piston  of  a  steam  engine  is  made,  by  means  of  a 
crank,  to  turn  the  great  fly-wheel  and  prime  axle  of  motion. 

Rotatory  motion  into  straight, — An  axle  in  turning  winds 
up  a  rope,  and  liAs  a  weight  in  a  straight  line. — ^A  crank  on  a 
turning  axle,  if  connected  with  a  pump-rod,  will  work  the  pis* 
ton  up  and  down,  or  it  will  work  a  saw. — Pallets  or  teeth  on 
a  turning-wheel  act  on  the  handle  of  a  great  forge  hammer,  so 
that  every  one  in  passing  produces  a  blow. 

We  need  not  multiply  instances.  By  a  visit  to  great  manu- 
facturing towns,  or,  indeed,  by  simply  directing  the  eyes  to 
what  is  passing  around,  in  any  part  of  the  civilized  world,  we 
discover  miracles  of  mechanic  art:— machines  driven  by  wind 
and  water  for  grinding  corn; — machines  for  sawing  wood  and 
giving  it  various  forms; — machines  in  which  rods  of  metal  are 
seized  between  great  rollers,  and  are  flattened  at  once  into  thin 
plates,  as  if  they  were  of  clay,  and  these  plates  again  are  slit 
into  bars  or  ribbons; — spinning  machines,  which  perform  their 
delicate  office  even  more  uniformly  than  human  hands,  forming 
thousands  of  threads  at  once,  in  obedience  to  the  impulse  of  a 
single  steam-engine; — ^weaving  machines,  which  accomplish 
their  difficult  task  with  the  most  admirable  perfection;  paper 
machinery,  which  converts  worn-out  and  apparently  useless 
remnants  of  our  apparel,  into  the  uniform  and  beautiful  texture 
of  paper,  a  texture  which,  with  the  farther  assistance  of  the  pen, 
or  types,  or  engraved  plate,  becomes  a  magic  conservatory  of 
mind,  shutting  up  among  its  folds  the  brightest  effusions  of  genius, 
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and  ready  at  any  instant  to  disclose  them  again  to  the  inquiring  atu- 
dent,  nothmg  changed  after  revolving  centuriesj-^oining  ma- 
chinery,  which  divides  and  stamps  thousands  of  beautiful  me- 
dals in  an  hour,  and  keeps  an  exact  record  of  its  work;>*^raneS5 
— ^pile  engines, — turning  lathes, — time*-pieceB,**-all  the  imple- 
ments of  agriculture,  of  mining,  of  navigation,  &c.  tic.  If  Aris- 
totle  deemed  the  title  or  definition  of  tool-using  animai  Sifpro^ 
priate  to  man  two  thousands  years  ago,  what  title  should  be  gi- 
ven now? 

In  many  of  the  complex  machines,  several  of  the  simple  ones 
are  found  as  elements;  and  in  the  same  machine  may  be  com* 
prised  many  of  the  means  of  changing  the  direction  of  motion. 

<^  Friction.  ^^    {Read  the  analysis  page  141. ) 

lo  estimating  the  effects  of  mechanical  contrivances,  by  the  rule 
of  the  comparative  velocities  of  the  power  and  resistance, 
there  is  an  important  correction  to  be  made,  on  account  of  the 
friction  on  each  other,  of  the  moving  parts.  In  the  steam-en- 
gine,  where  the  rubbing  parts  are  numerous,  the  loss  of  pow- 
er from  friction  often  amounts  to  one-third  of  the  whole. 

Impediment  from  friction  seems  to  be  owing  to  two  causes: 
1st,  a  degree  of  cohesive  attraction  between  the  touching  sub- 
stances; 2d,  the  roughness  of  these  surfaces,  even  where,  to  the 
naked  eye,  they  appear  smooth. 

It  is  supposed  to  be,  because  the  roughnesses,  or  little  pro- 
jections and  cavities,  in  pieces  of  the  same  substance,  mutually 
fit  each  other,  as  the  teeth  of  similar  saws  would,  that  the 
friction  is  greater  between  such,  than  between  pieces  of  differ- 
ent substances,  with  dissimilar  grain. 

The  friction  of  one  piece  of  iron,  wood,  brick,  stone,  &c.  on 
another  piece  of  the  same  substance,  has  been  measured  by 
making  the  sedbnd  piece  an  inclined  plane,  and  then  gradually 
lifting  one  end  of  it,  until  the  upper  mass  began  to  slide, — ^the  in- 
clination of  the  plane,  just  before  the  sliding  commences,  is  call- 
ed the  angle  of  tepose. 

It  is  this  angle  in  the  subtftances  concerned,  which  determines 
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the  degrees  of  sloping  in  the  sides  of  hills  composed  of  sand^ 
gravel,  earth,  &c.  in  the  sides  of  canals,  the  banks  of  rivers,  &c.^ 

If  the  thread  of  a  screw  winds  round  the  spindle  with  an  an- 
gle less  than  this,  the  screw  can  never  slip  or  slide  back  from 
force  acting  against  its  point 

But  for  friction,  men  walking  on  the  ground  or  pavement 
would  always  be  as  if  walking  on  ice;  and  our  rivers,  tiiat  now 
flow  so  calmly,  would  all  be  frightful  torrents. 

The  following  means  are  used  to  diminish  friction  between 
rubbing  surfaces,  and  either  singly  or  in  combinatbn,  according 
to  circumstances. 

1.  Making  the  rubbing  surfaces  smooth: — but  this  must  be 
done  within  certain  limits,  for  great  smoothness  allows  the  bodies 
to  approach  so  near  that  a  degree  of  cohesion  takes  place. 

Letting  the  substances  which  are  to  rub  on  each  other  be  of 
different  kinds.  Axles  are  made  of  steel,  for  instance,  and  the 
parts  on  which  they  bear  are  made  of  brass:  in  small  machines, 
as  time-keepers,  the  steel  axles  often  play  in  agate  or  diamond. 
The  swiftness  of  a  skaiter  depends  much  on  the  great  dissimi- 
larity between  steel  and  ice. 

3.  Interposing  some  lubricating  substance  between  the  rub- 
bing parts;  as  oils  for  the  metals,  soap,  grease,  black-lead,  &c 
for  the  woods.  There  is  a  laughable  illustration  of  this,  in  the 
holiday  sport  of  soaping  a  livel}'  pig's  tail,  and  offering  him  as 
the  prize  of  the  clever  fellow  who  can  catch  and  hold  him  fast 
by  his  slippery  appendix. 

4.  Diminishing  the  extent  of  the  touching  surfaces;  as  in 
making  the  rubbing  axis  of  a  wheel  very  small. 

5.  Using  wheels,  as  in  wheel  carriages,  instead  of  dragging  a 
load  along  the  ground.  Castors  on  household  furnature  are 
miniature  wheels. 

6*  Using  what  are  called  friction  wheels; 
— which  still  farther  diminish  the  friction 
even  of  a  smooth  axis,  by  allowing  it  to  rest 
on  their  circumferences,  which  ttirn  with  it 
Here  a  represents  the  end  of  an  axis,  and 
b  and  c  two  friction  wheels,  on  which  it  rest0» 
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7.  Placing  the  thing  to  be  nioyed  on  rollers  or  balls^  as  when 
a  log  of  wood  is  drawn  along  the  ground  upon  rounded  pieces 
of  wood  ;  or  when  a  cannon^  with  a  flat  circular  base  to  its  car- 
riage,  turns  round  by  rolling  on  cannon-balls  laid  on  a  hard  level 
bed.  In  these  two  cases  there  is  hardly  any  friction,  and  the 
resistance  is  merely  from  the  obstacles  which  the  rollers  or  balb 
may  have  to  pass  over. 

Of  all  rubbing  parts  the  joints  of  animals  are  those  which  have 
the  least  friction,  considering  the  strength,  frequency,  and  rap- 
idity of  their  movements.  We  study  and  admire  the  perfection 
found  in  them,  without  being  able  very  closely  to  imitate  it 

Wheel  carriages  merit  notice  here,  as  illustrating  many  of 
the  circumstances  connected  with  friction,  and  moreover  as  being 
among  the  most  common  of  machines. 

Wheel  carriage  have  three  advantages  over  the  sledges,  for 
which  they  are  the  substitutes : 

1 .  The  rubbing  or  friction,  instead  of  being  between  an  iron 
shoe  and  the  stones  and  irregularities  of  the  road,  is  between  the 
axle  and  its  bush,  which  have  surfaces  smoothed  and  fitted  to 
each  other,  and  well  lubricated. 

2.  While  the  carriage  moves  forward^  perhaps  fifteen  feet,  by 
one  revolution  of  its  wheel,  the  rubbing  part,  viz.  the  axle,  only 
passes  over  a  few  inches  of  the  internal  surface  of  its  smooth 
greased  bush. 

3.  The  wheel  surmounts  any  abrupt  obstacle  on  the  road  by 
the  axle  describing  a  gently  rising  slope  or  curve,  as  shown  in 

this  figure,  where  a 
represents  an  obstacle, 
and  the  curve  at  c  re- 
presents the  path  of  the 
axle  in  surmounting  it 
The  wheel  rises  as  on 
an  inclined  plane,  and 
gives  to  the  drawing 
animal  the  relief  which  such  a  plane  would  bring.  This  advan- 
tage of  a  wheel  is  proportioned  to  the  magnitude.  It  is  seen 
that  the  smaller  wheel  here  represented;  has  to  rise  in  the  steeper 


192  MSCaAJflCS. 

carte  from  d^  to  flurmount  tb6  aama  site  of  obftaole  It  is  true 
also,  that  a  small  ^eel  will  sink  to  the  bottom  of  a  hole,  where 
a  larger  one  would  rest  oil  the  edges  as  a  bridge.  It  is  not  true, 
however,  according  to  the*popular  prejudice,  that  the  large  hind- 
wheels  of  coaches  and  wagons  help  to  purii  on  the  little  wheds 
before  them  ;  fore-wheels  are  made  smaller,  merely  to  fiieiUtite 
the  turning  of  the  carriage. 

From  these  three  causes,  the  difierenee  in  performing  the 
same  journey  of  a  mile,  by  a  sledge  and  by  a  whed-caniage, 
is,  that  while  the  former  rube  over  every  roughness  in  the  road 
l|Dd  is  jolted  by  every  irregularity,  the  rubbing  part  of  the  lat- 
ter, the  axle,  glides  very  slowly  over  about  thirty  yards  of  a 
smooth  oiled  surface,  in  a  gently  waving  line.  It  is  ascertained 
that  the  resistance  is  thus  reduced  to  1-lOOth  of  what  it  is  for  a 
sledg^. 

On  hilly  roads,  in  descending,  it  is  common  to  lock  or  fix 
one  of  the  wheds  of  a  carnage;  yet  it  is  seen  that  the  horses 
have  then  to  pull  nearly  as  much,  as  on  a  level  road  with  the 
wheel  free;  showing  the  ^fect  of  a  little  increase  of  friction. 

The  wheel  of  a  carriage,  simple  as,  from  our  estrone  fami« 
liarity  with  it,  it  now  appears  to  us,  ie  a  thing  of  very  nice 
workmanship,  and  which  has  exercised  much  ingenuity,  it 
acquires  astonishing  strengdi,  indeed  that  of  the  arch,  from 
what  is  called  its  dished  f(N*m,  seen  here 
in  the  whed  c,  as  contrasted  with  the  flat 
wheel  a;  a  form  which  is  further  useful 
in  this,  that  when  the  carriage  is  on  an 
inclined  road,  and  more  of  the  weight  • 
consequently  falls  upon  the  wheel  of  the 
lower  side,  the  inferior  ipokes  of  that 
wheel  become  nearly  perpendicular,  and  thereby  support  the  in- 
creased weight  more  safely.  When  wheels,  instead  of  standing 
upri^t,  like  a  and  c  shown  here,  are  made  to  incline  outwards, 
as  is  common,  owing  to  the  ends  of  the  axle-tree  being  bent 
down  a  little,  to  give  a  security  against  tiie  accident  of  the 
wheels  falling  off,  the  pull  to  the  horses  in  deep  or  aandy  roads 
is  much  increased;  for  an  inclining  wheel  naturdly  describes  a 
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€urved  p^tb^  as  is  seen  when  a  hoop  or  wheel-barrow  indiiie^; 
and  the  horses,  in  drawing  straight  forward,  therefore,  have  to 
overcome  this  deviating  tendency  in  all  the  wheels.  This 
source  of  resistance  is  still  more  remarkable  when  the  incliDed 
wheels  have  broad  rims.  Such  wheels  must  be  of  smaller  dia- 
meter at  the  outer  than  at  the  inner  edge,  as  the  end  of  a  cask  is 
smaller  than  its  middle  ;  then,  as  the  iron  hoops  or  tires  which 
cover  the  different  parts  cannot  all  truly  measure  the  same  length 
of  road  by  an  equal  number  of  turns,  there  will  be  a  constant 
rubbing  or  grinding  forward  of  the  lesser  rings,  and  a  grinding 
backward  of  the  larger,  which  must  injure  the  road,  rapidbr 
wear  the  iron,  and  exhaust  the  strength  of  the  pulling  animal 
Such  wheels  rolling  free  would  describe  a  circle,  as  is  seen 
when  a  thimble  or  drinking  glass  or  sugar-loaf  is  pushed  for- 
ward on  any  plane  surface. 

The  application  of  springs  to  carriages,  which  is  an  improve- 
ment of  comparatively  recent  date,  not  only  renders  them  soft 
vehicles  on  rough  roads,  but  much  lessens  the  pull  to  the 
horses.  When  there  is  no  spring,  the  whole  load  must  rise 
with  every  rising  of  the  road,  and  must  sink  with  every  de- 
pression, and  the  depression  costs  as  much  as  the  rising,  be- 
cause the  wheel  must  be  drawn  up  again  from  the  bottom  of 
it;  but  in  a  spring-carriage  moving  rapidly  along,  only  die 
parts  below  the  springs  are  moved  in  correspondence  with 
the  irregularities,  while  all  above,  by  the  inertia  of  the  mat- 
ter, have  a  soft  and  steady  advance.  Hence  the  superiority 
of  those  very  modern  carriages,  furnished  with  what  are  called 
under  spriTiga,  which  insulate  from  the  effect  of  shocks,  all  the 
parts,  excepting  the  wheels  and  axle-trees  themselves.  When 
only  the  body  of  the  carriage  is  on  springs,  the  hprses  have  still 
lo  rattle  the  he^vy  frame-work  below  it  oyer  all  iiregularities, 
and  the  wheels,  as  well  as  the  structure  generally^  must  be  of 
much  greater  strength  to  hear  the  consequent  shocks. 

Th^e  ^Mbjec^  of  whej^l  carriagea  is  interesting  to  medicaji  men; 
bec^u^  ^t  oft^  occurs  to  them  to  have  f^  direct  in  transporting 
^  .f^l^  f}T  jKroViD^ed.  And  many  a  medic^  inan  praictisjng  iti 
#9  e^Uf&wye  districit^  ^or  in  a  iai^ge  toWjP,  is  jiQ<Jte)7ted  tp  ft  well 
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constructed  carriage  for  valuable  hours  in  every  day  employed 
in  reading  or  writing. 

It  is  perhaps  difficult  to  conceive  any  thing  more  elegant  and 
perfect,  than  the  carriages  of  modern  refinement;  and  it  is  no 
wonder  that  a  man,  who  contrasts  them  as  seen  gliding  swiftly 
along  the  prepared  levels  and  slopes  of  our  modern  landscapes, 
with  the  awkward  vehicles  on  the  bad  roads  of  former  times, 
should  imagine  that  absolute  perfection  had  at  last  been  obtain- 
ed. Yet,  we  are  perhaps  now  on  the  eve  of  a  farther  change, 
which  for  many  purposes  will  be  of  greater  importance  than  all 
that  has  yet  been  achieved,  viz,  the  general  adoption  of  rail-roads, 
with  new-fashioned  carriages  to  suit  them.  It  is  now  widely 
known  that  to  drag  a  loaded  wagon  up  one  inconsiderable  hill, 
costs  more  force  than  to  send  it  thirty  or  forty  miles  along  a  level 
rail-way;  and  the  conclusion  follows,  that  although  the  original 
expense  of  forming  the  level  line  might  considerably  exceed 
that  of  making  an  ordinary  road,  still  in  situations  of  great  traf- 
fic the  difference  would  soon  be  paid  for  by  the  savings,  and 
when  once  paid,  the  savings  would  be  as  profit  ever  after.  To 
readers  conversant  with  political  economy,  it  would  be  super- 
fluous to  speak  here  of  the  advantages  of  any  greater  facility  of 
intercourse,  but  to  those  who  are  not,  the  following  reflections 
may  be  interesting. 

In  reviewing  the  history  of  the  human  race,  we  find  every 
remarkable  increase  in  civilization  to  have  taken  place  very 
much  in  proportion  to  the  facilities  of  intercourse  enjoyed  in 
particular  situations:  first,  therefore,  civilization  grew  along  the 
banks  of  great  rivers,  as  the  Nile,  the  Euphrates,  and  the  6an* 
ges;  or  along  the  shores  of  inland  seas  and  archipelagos,  as  in 
the  Mediterranean  and  the  numerous  islands  of  Greece;  or  over 
fertile  and  extended  plains,  as  in  many  parts  of  India.  The  rea- 
son it  is  not  difficult  to  assign.  When  the  situation  thus  bound 
a  great  cumber  of  individuals  into  one  body,  the  useful  thought 
or  action  of  any  one  unusually  gifted,  and  which,  in  the  insa* 
lated  state,  would  soon  have  been  forgotten  and  lost,  extended 
its  influence  immediately  to  the  whole  body,  and  became  the 
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tbou^t  or  action  of  all  who  could  benefit  by  it;  and  it  was 
recorded  for  ever,  as  part  of  the  growing  science  or  art  of  the 
community.  In  a  numerous  soci^,  too,  such  useful  new 
thoughts  and  acts  would  naturally  be  more  frequent,  because 
from  every  person  feeling  that  he  had  the  eyes  of  the  multi- 
tude upon  him,  and  that  the  rewards  of  excellence  would 
be  proportionally  great,  an  emulation  would  arise  in  all  the 
pursuits  that  could  contribute  to  the  well-being  of  the  society. 
Men  soon  learning  to  estimate  aright  these  and  many  other  ad- 
vantages of  easy  intercourse,  after  having  seized  with  avidity 
all  the  stations  naturally  fitted  for  their  purposes,  began  to  make 
new  stations  themselves,  and  to  improve  upon  the  old:  they 
created  rivers  and  shores  and  plains  of  their  own,  that  is,  they 
constructed  canals  and  basins  and  roads;  and  thus  artificially 
connected  regions  which  nature  seemed  to  have  separated  for 
ever.— In  the  British  isles,  whose  favoured  children  have  so 
proudly  taken  the  lead  in  showing  the  prodigies  which  wise 
policy  may  effect,  the  advantages  arising  from  certain  lines  of 
canal  and  road  first  executed,  soon  led  to  numberless  similar  en- 
terprises, and  within  half  a  century  the  empire  has  been  thus 
intersected  in  all  directions:  and  it  seems  as  if  the  noble  work 
were  now  to  be  crowned  by  the  substitution  of  level  rail-ways 
for  many  of  the  common  roads  and  canals.  Several  of  these, 
of  considerable  extent,  have  already  been  established,  and  al- 
though they  and  the  carriages  upon  them  are  far  from  having 
the  perfection  which  philosophy  says  they  will  admit,  the  re- 
sults have  been  very  satisfactory.  If  we  suppose  the  progress 
to  continue,  and  the  price  of  transporting  things  and  persons  to 
be  reduced  by  them  to  a  fourth  of  the  present  charge — and  in 
many  cases  it  may  be  less^— and  if  we  suppose  the  time  of  jour- 
neying with  safety  also  reduced  in  some  considerable  degree,  of 
which  there  can  be  as  little  doubt— ^the  general  adoption  of  them 
would  efiect  a  very  extraordinary  revolution  and  improvement 
in  the  state  of  society.  Without  in  reality  changing  the  dis- 
tances of  places,  it  would  in  effect  bring  all  nearer  to  each  other, 
and  would  give  to  every  part  of  the  kingdom  the  conveniences 
9f  the  whole^  of  town  and  country,  of  sea-coast  and  of  highland 
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district.     A  man,  wherever  residing,  might  consider  himself 
Virtually  near  to  any  other  part,  when  at  the  expense  of  time 
and  money  now  expended  in  travelling  a  short  distance,  he 
might  travel  much  farther.     The  over-crowded  and  unhealthy 
|nrt8  of  towns  would  scatter  their  inhabitants  into  the  country; 
for  the  man  of  business  could  be  as  conveniently  at  his  post  from 
several  miles  off,  as  he  now  is  from  an  adjoining  street.     The 
present  heavy  charges  for  bringing  produce  to  market  from 
great  distances  being  nearly  saved,  the  buyer  every  where 
Would  purchase  cheaper,  and  the  producer  would  be  still  better 
remunerated.     In  a  word,  such  a  change  would  be  effected  as 
if  the  whole  of  Britain  had  been  compressed  by  magic  into  a 
circle  of  a  few  miles  in  diameter,  yet  without  any  part  losing 
aught  of  its  magnitude  or  beauties. — AH  this  may  appear  vision- 
ary: but  it  is  less  so  than  it  would  have  been,  seventy  years  ago, 
to  anticipate  what  has  really  come  to  pass,  that  the  common 
time  df  travelling  from  London  to  Edinburgh  would  be  forty- 
six  hours.     At  the  opening  of  the  rail-road  near  Darlington,  in 
18)25,  a  train  of  loaded  carriages  was  dragged  along  by  one  little 
steam-engine,  a  distance  of  twenty-five  miles  within  two  hours; 
and  in  some  parts  of  the  journey  the  speed  was  more  than 
twenty  miles  an  hour:  the  whole  load  was  equal  to  a  regiment 
of  soldiers,  and  the  coal  expended  was  under  the  value  of  a  crown. 
Ah  island  with  such  roads  would  be  an  impregnable  fortress; 
for  ih  less  time  than  an  enemy  would  require  to  disembark  on 
any  part  of  the  coast,  the  forces  of  the  country  mig^t  be  concen- 
trate to  defend  it. 

<<  Strength  depends  an  the  magmiudeyjwm^  andpoMion 
9/ bodies,  as  well  as  on  the  degree  qf  cohesion  in  the  mate" 
rial:'    {Read  the  ^nafysis,  page  141. ) 
The  minute  details  connected  with  this  branch  of  the  subject 

belong  to  the  practical  engineer,  but  thei^  are  some  general 

firuths  which  should  be  familiar  to  every  bbdy. 

C^  simihir  bodies  the  largest  is  proportionally  the  weakest, 
Supjkite  tvto  blocks  of  rttee  teft  j^je^ing  fibm  a  to«k  that 
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Ms  been  hewn^  of  which  blbcks  6iie>  «* 
df  is  twice  as  Ibug  nA  ^eep  Mid  brdad  as 
tke  other  &  The  larger  one  wUl  by  no 
tteans  sufq^ort  as  muoh  more  weight  «t 
its  eod  than  the  other^  as  it  \s  bi^r,  and 
for  two  reasons.  1st.  In  the  larger,  each 
particle  of  the  surface  of  attachment  at  c, 
in  helping  to  bear  the  weight  of  the  block 
itself,  has  to  support  by  its  cohesion  twice 
as  maoy  particles  beyond  it  in  the  double 
eiient  of  projection,  as  a  particle  has  to 
support  in  the  shorter  block  at  a ;  and  2dly,  both  the  additional 
substance,  and  any  thing  appended  at  the  outer  extremity  of  the 
larger,  are  acting  with  a  double  lever  advantage  to  break  it,  that 
is,  to  destroy  the  cohesion  at  c.  Hence  if  any  such  projection 
be  carried  out  very  far,  it  will  break  off  or  fall  by  its  oWn  weight 
alone.  What  is  thus  true  of  a  block  supported  at  one  end  is 
equally  true  of  a  block  supported  at  both  ends,  and  indeed  of  all 
masses,  however  supported  and  of  whatever  forms. 

That  a  large  body,  therefore,  may  have  proportionate  strength 
to  a  smaller,  it  must  be  made  still  thicker  and  more  clumsy  than 
it  is  made  longer  $  and  beyond  a  certain  limit  no  proportions 
whatever  will  keep  it  together,  in  opposition  merely  to  Uie  force 
of  its  own  weight. 

This  great  thith  limits  tfie  size  and  lliodifies  the  ^ape  of  most 
producliotts  bf  nature  and  of  art ;— of  hills,  trees,  antmals, 
architectural  or  tnechaniiial  structures,  &c. 

HUl$.  Very -strong  or  cohesive  nntwial  may  form  hills  of 
eaUime  eieVatie»,  with  very  projecting  clifis  and  very  lofty 
{lerpendieiilar  j^^pices;  and  such  are  seen  aoeordingly  where 
the  hard  granite  protrudes  from  the  bowels  at  the  earth,  m  in 
the  Andes  ^America,  the  Alps  of  Europe,  the  Himdayas  of 
'Asia,  and  the  Moafttains  of  the  Moon  in  Central  Africa.  But 
imatmal'of  iilfiBrier  ^rength  eKhibits  more  bumble  risings  and 
^Hon  rettod^sd  sttr&eea.  Tfcfd  igvadaCim  is  so  striking  atid  con* 
sttfttt  fitHB  |$ramte  taaMiiltaj|i%  'doMi  to  (hott  «f  dudk  or  ^vel 
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or  sand,  that  the  geologist  can  generally  tell  the  substance-  of 
which  a  hill  is  composed  by  the  peculiarities  of  its  shape. 

Even  in  granite  itself,  which  is  the  strongest  of  rocks,  there 
is  a  limit  to  lieight  and  projection;  and  if  an  instance  of  either^ 
much  more  remarkable  than  now  remains  on  earth,  were  by 
any  chance  to  be  produced  again,  the  law  which  we  are  con- 
sidering would  prune  the  montrosity.  The  grotesque  figures 
of  rocks  and  mountains  seen  in  the  paintings  of  the  Chinese,  or 
actually  formed  in  minature  for  their  gardens,  to  express  their 
notions  of  perfect  sublimity  and  beauty,  are  caricatures  of  na- 
ture for  which  originals  can  never  have  existed.  Some  of  the 
smaller  islands  in  the  Eastern  Ocean,  however,  and  some  of  the 
mountains  of  the  chains  seen  in  the  voyage  towards  China, 
along  the  coasts  of  Borneo  and  Palawan,  exhibit  perhaps  the  very 
limits  of  possibility  in  singular  shapes.  In  the  moon,  where 
the  weight  or  gravity  of  bodies  is  less  than  on  earth,  on  account 
of  her  smaller  size,  mountains  might  be  many  times  higher 
than  on  earth — and  observation  proves*  that  the  lunar  moun- 
tains are  in  fact  much  the  highest 

By  the  action  of  winds,  rains,  currents,  and  frost,  upon  the 
mineral  masses  around  us,  there  is  unceasingly  going  on  an 
undermining  and  wasting  of  supports,  so  that  every  now  and 
then  immense  rocks,  or  almost  hills,  are  torn  by  gravity  from 
the  station  which  they  have  held  since  the  earth  received  its 
present  form,  and  fall  in  obedience  to  the  law  now  explained. 

The  size  of  vegetables,  of  course  is  obedient  to  the  same  law. 
We  have  no  trees  reaching  a  height  of  three  hundred  feet,  even 
when  perfectly  perpendicular,  and  sheltered  in  forests  that  have 
been  unmolested  from  the  beginning  of  time :  and  oblique  or 
horizontal  branches  are  kept  within  very  narrow  limits  by  the 
great  strength  required  to  support  them.  The  truth,  that  to 
have  proper  strength  the  breadth  or  diameter  in  bodies  must 
increase  more  quickly  than  length,  is  well  illustrated  by  the 
contrast  existing  between  the  delicate  and  slender  proportions 
of  a  young  oak  or  elm,  while  yet  in  the  seedsman's  nursery,  and 
its  sturdy  form  when  it  has  braved  for  centuries  all  the  winda. 
of  heaven,  and  has  become  the  monarch  of  the  park  or  forest. 
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Animals  furnish  other  interesting  illustrations  of  this  law. 

How  massive  and  clumsy  are  the  limbs  of  the  elephant,  the 
rhinoceros,  the  heavy  ox,  compared  with  the  slender  forms  of 
the  stag,  antelope,  and  greyhound!  And  unless  the  bones 
where  made  of  stronger  material  than  now,  an  animal  much 
larger  than  the  elephant  would  fall  to  pieces  from  its  own 
weight  alone.  Many  have  questioned  whether  the  mammoth, 
or  antediluvian  elephant,  could  have  lived  on  dry  land,  or  must 
have  been  amphibious,  that  its  great  body  might  generally  be 
borne  up  by  water.  The  whale  is  the  largest  of  animals,  but 
feels  not  its  mighty  weight,  because  lying  constantly  in  the 
liquid  support  of  the  ocean.  A  cat  may  fall  with  impunity^ 
where  an  elephant  or  ox  would  be  dashed  to  pieces. 

The  giants  of  the  heathen  mythology  could  not  have  existed 
upon  this  earth,  for  the  reason  which  we  are  now  considering; 
although  on  our  moon,  where,  as  already  stated,  weight  is  much 
less,  such  beings  might  be.  In  the  planet  Jupiter  again,  which 
is  many  times  larger  than  the  earth,  an  ordinary  man  from  hence 
would  be  carrying  in  the  simple  weight  of  his  body,  a  load  suffi- 
cient to  crush  the  limbs  which  supported  him.  The  phrase  a 
Utile  compact  man,  points  to  the  fact  that  such  a  one  is  strong- 
er in  proportion  to  his  size  than  a  taller  man. 

The  same  law  limits  the  height  and  breadth  of  architectural 
structures. — In  the  houses  of  fourteen  stories,  which  formerly 
stood  under  the  castle  of  Edinburgh,  there  was  danger  of  the 
superincumbent  wall  crushing  the  foundation. 

Roqfs.  Westminster  Hall  approaches  the  limit  of  width  that 
is  possible  without  very  inconvenient  proportions  or  central 
supports;  and  the  domes  of  the  churches  of  St.  Peter  in  Rome, 
and  St  Paul  in  London,  are  in  the  same  predicament. 

Arches  of  a  bridge.  A  stone  arch,  much  larger  than  those  of 
the  magnificent  bridges  in  London,  would  be  in  danger  of  crush- 
ing and  splintering  its  material. 

Ships.  The  ribs  or  timbers  of  a  boat  have  scarcely  a  hundreth 
part  of  the  bulk  of  the  timbers  of  a  ship  ten  times  as  long  as  the 
boat     A  ship's  yard  of  ninety  feet  contains  perhaps  twenty 
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tim^  as  much  wood  ««  «  yard  of  thirty  feet,  iM  erm  then  is 
not  so  strong  in  proportion.  If  ten  men  may  do  the  work  of 
a  fhree*huQdred-ton  ship,  many  more  than  three  times  that  num- 
ber will  he  required  to  manage  a  ship  three  times  as  large. 
Very  large  ships,  such  as  the  two  built  in  Canada,  in  the  year 
1895,  which  carried  each  nearly  ten  thousand  tons,  are  weak 
from  their  site  alone;  and  the  loss  of  these  two  first  specimens 
of  gigantic  magnitude  will  not  encourage  to  the  building  of  othen 
like  them. 


The  degree  in  which  the  strength  of  structures  is  dependent  on 
the  /(Tran  and  paMion  of  thpir  parts,  will  be  illustrated  by 
considering  the  two  cases  of  longitudinal  and  tranverse 
compression.  And  the  rule  for  giving  strength  will  be  found 
to  be,  to  cause  the  foree  tending  to  destroy,  to  act,  as  equally 
as  may  be,  on  the  whole  resisting  mass,  at  the  same  time, 
and  with  as  little  mechanical  advantage  as  poasible. 

In  longitudinal  compresaionf  as  produced  by  a  body  a,  on 
the  atoms  of  the  support  &,  the  weight,  while  the  support  re^ 
mains  straight,  can  only  destroy  the  support,  by  crushing  it  in 
opposition  to  the  repulsion  and  impe- 
netrability of  all  of  its  atoms.  Hence 
a  very  small  pillar,  if  kept  per* 
fectly  straight,  supports  a  very  great 
weight,  but  a  pillar  originally  crooked 
or  beginning  to  bend  resists  with  only 
part  of  its  strength;  for  as  seen  in  c  d, 
the  whole  weight  above  is  supported 
on  the  atoms  of  the  concave  side  only, 
which  are  therefore  in  greater  danger 
of  being  overpressed  and  crushed,  while 
those  on  the  convex  mde,  sq>arated 
from  their  nateiral  helpmates,  ave  in  the 
opposite  danger  of  being  torn  asunder.  The  atoms  near  Am 
centre  in  such  a  case  are  almost  neutral,  and  might  be  absent 
without  the  strength  of  the  pillar  being  much  lessened. 

Long  pillars  4>r  supports  are  weaker  than  short  ones,  because 
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tbey  are  more  easUy  bent;  and  they  are  more  easily  bent  because 
a  very  inconsiderable  and  therefore  easily  effected  yielding 
betvrteneach  two  of  many  atoms  makes  a  considerable  bend 
in  the  whole;  while  in  a  very  short  pillar  there  can  be  no  bend- 
tag  without  a  great  change  in  the  relation  of  proximate  atoms, 

and  such  as  can  be  effected  only 
by  great  force.  The  weight  or 
force  bending  any  pillar  may  be 
considered  as  acting  at  the  end  of 
a  long  lever  reaching  from  the  end 
as  a  to  the  centre,  against  the 
strength  resisting  at  a  short  lerer 
from  the  side  d  to  the  centre:  the 
strength  therefore  has  relation  to 
the  difference  between  these. 
Shortness  then  or  any  stay  or 
projection,  as  a  e  ^,  which,  by 
making  the  resisting  lever  longer, 
opposes  bending,  really  increases  the  strength  of  a  pillar. 

A  column  with  ridges  projecting  from  it,  is  on  this  aoeount 
stronger  than  one  that  is  perfectly  smooth. 

A  hollow  tube  of  metal  is  stronger  than  the  same  quantity  of 
metal  as  a  solid  rod,  because  its  substance  standing  farther  from 
the  centre  resists  with  a  longer  lever.  Hence  pillars  of  cast-iron 
are  generally  made  hollow,  that  they  may  have  strength  with 
as  little  metal  as  possible. 

In  the  most  perfect  weighing-beams  for  delicate  purposes, 
that  there  may  be  the  least  possible  weight  with  the  required 
strength,  the  arms,  instead  of  being  of  solid  metal,  are  hollow 
cooes,  in  which  the  metal  is  not  much  thicker  than  writing 
paper. 

Masts  and  yards  for  ships  have  been  made  bcdlow  in  aecer- 
dance  with  the  same  principle. 

In  Nature's  works  we  have  to  admire  numerous  illustrations 
of  the  same  class. 

The  stems  of  many  vegetables^  instead  of  being  round  ex- 

Cc 
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ternally,  are  ribbed  or  angular  and  fluted^  that  they  may  have 
strength  to  resist  bending.  They  are  hollow  also  as  in  com* 
stalks^  the  elder,  the  bamboo  of  tropical  climates,  &c  thereby 
tsombining  lightness  with  their  strength. — A  person  who  visits 
4he  countries  where  the  bamboo  grows,  cannot  but  admire  the 
almost  endless  uses  to  which  its  straightness^  lightness,  and 
holiowness  make  it  applicable  among  the  inhabitants.  Being 
found  of  all  sizes,  it  has  merely  to  be  cut  into  pieces  of  the 
lengths  required  for  any  purpose,  and  Nature  has  already  been 
the  turner,  and  the  polisher,  and  the  boarer,  &c  In  many  of 
the  Eastern  Islands  bamboo  is  the  chief  material  of  the  ordinary 
dwellings,  and  of  the  furniture,— the  fanciful  chairs,  couche^^ 
beds,  &c.,  flutes  and  other  wind  instruments  there  are  merely 
pieces  of  the  reed  with  holes  boared  at  the  requinte  distances; 
conduits  for  water  are  pipes  of  bamboo;  bottles  and  casks  for 
preserving  liquids  are  single  joints  of  larger  bamboo  with  their 
partitions  remaining;  and  bamboo  split  into  threads  is  twisted 
.into  rope,  &c. 

From  the  animal  kingdom  also  we  have  illustrations  of  our 
present  subject:— the  hollow  stiffness  of  the  quills  of  birds;  the 
hollow  bones  of  birds;  the  bones  of  animals  generally,  strong 
and  hard  and  often  angular  externally^  with  light  cellular  texture 
within,  &c. 

TVanverse  Pressure, 

When  a  horizontal  beam  is  supported  at  its  extremities  as  at 

-     a  and  b,  its  weight  bends  it 
down  more  or  less  in  the  mid- 

die,  the  particles  on  the  up- 

d^  per    side  being  compressed, 

while  the  parts  below  are  distended;  and  the  bending  and  ten- 
dency to  break  are  greater,  according  as  the  beam  is  longer  and 
its  thickness  or  depth  is  less. 

The  danger  of  breaking,  in  a  beam  so  situated,  is  judged  of, 
by  considering  the  destroying  force  as  acting  by  the  long  lever 
reaching  from  the  end  of  the  beam  to  the  centre,  and  the  resist- 
ing force  or  strength  as  acting  only  by  the  short  lever  from  the 
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side  to  the  centre;  while  only  a  little  of  the  sabstance  of  the 
beam  on  the  under  aide  is  allowed  to  resist  at  all.  This  last  cir- 
eumstance  is  so  remarkable,  that  the  scrateh  of  a  pin  on  the  un- 
der side  of  a  plank  resting  as  here  supposed,  will  sometimes  suf- 
fice to  begin  the  fracture. 

Because  the  resisting  lever  is  small  in  proportion  as  the  beam 
is  thinner,  a  plank  bends  and  breaks  more  readily  than  a  beam, 
and  a  beam  resting  on  its  edge  bears  a  greater  weight  than  if 
resting  on  its  side.  Where  a  single  beam  cannot  be  ibund  deep 
enough  to  have  ti)e  strength  required  in  any  particular  case,  as 
for  supporting  the  roof  of  a  house,  several  beams  are  joined  to- 
gether, and  in  a  great  variety  of  ways,  as  is  seen  in  house-raf- 
ters, &C.  which,  although  consisting  of  three  or  more  pieces, 
may  be  considered  as  one  very  broad  beam,  with  those  parts 
eut  out  which  do  not  contribute  much  to  the  strength. 

The  arched /arm  bears  tranverse  pressure  so  admirably, 
because  by  means  of  it  the  force  that  would  destroy,  is  made  to 
compress  all  the  atoms  or  parts  at  once,  and  nearly  in  the  same 
degree. 

By  comparing  this  figure 
with  the  last,  we  see  that  the 
"S       "^^^^^S^    atoms  on  the  under  side  of  an 
^^"^^  arch  resting  against  immove- 

able abutments,  as  at  a  and  i,  must  be  compressed  about  as 
much  as  those  on  the  upper  side,  and  cannot  therefore  be  torn, 
or  overcome  separately.  The  whole  substance  of  the  arch 
therefore  resists,  almost  like  that  of  a  straight  pillar  under  a 
weight,  and  is  nearly  as  strong.  ' 

To  be  able  to  adapt  the  curve  to  the  size  of  an  arch  and  to 
the  nature  of  the  material,  requires  in  the  architect  a  perfect 
acquaintance  with  measuresy  &c. 

An  error,  which  has  been  frequently  committed  by  bridge- 
builders,  is  the  neglecting  to  consider  sufficiently  the  efkct  of  the 
horizontal  thrust  of  the  arch  on  its  piers.  Each  arch  is  an  en- 
gine of  oblique  force  (see  page  1810  pushing  the  peer  away 
from  it  In  some  instances,  one  arch  of  a  bridge  falling,  has 
allowed  the  adjoining  peers  to  be  pushed  down  towards  it,  by 
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the  thrust,  no  longer  balanced,  of  the  arehea  beyond;  and  Hm 
whole  atracture  has  given  way  at  onee  likeaebild'abridfp  b«iil 
of  cards. 

It  is  not  known  at  what  time  the  areh  was  inrented,  but  it 
was  in  comparatively  modern  times.  The  hint  may  have  been 
taken  from  nature,  for  there  are  instances  in  alpine  countriea  of 
natural  arches,  where  rocks  have  fellen  between  rocks>  wad  have 
there  been  arrested  and  suspended,  or  where  burrowing  water 
has  at  last  formed  a  wide  passage  under  masses  of  rock  whieh 
remain  balanced  among  themselves  as  an  arch  above  the  atreaaa. 
Nothing  can  surpass  the  strength  and  beauty  of  soioe  modem 
stone  bridges;-^tho8e  for  instance  which  span  the  Thttmea  as  it 
passes  through  London. 

Iron  bridges  have  been  made  with  arche»  twice  as  large  as 
those  of  stone,  the  material  being  more  tenacious^  and  calculated 
lo  form  a  lighter  whole.  That  of  three  fine  arches^  between 
the  city  of  London  and  Southwark,  is  a  noble  specimen^  and 
compared  with  the  bridges  of  half  a  century  ago,  h  appears 
almost  a  fairy  structure  of  lightness  and  grace. 

The  great  domes  of  churches,  as  those  of  St  Peter's  in 
Rome  and  St.  Paul's  in  London,  have  strength  on  the  Same 
pritteiple  as  simple  arches.  They  are  in  general  strongly 
bound  at  the  bottom  with  chains  and  iron-bars,  to  counteract  the 
horizontal  thrust  of  the  superstruetiure. 

The  Gothic  arch  is  a  pointed  arch,  and  is  calculated  to  bear 
the  chief  weight  on  its  summit  or  key-stone.  Its  use»  ther»> 
ibre^  is  not  i»x»perly  to  span  rivers  as  a  bridge^  but  to  enter 
into  the  composition  of  varied  pieces  of  arehitedure.  With 
what  effect  it  does  this,  is  seen  in  the  truely  suUime  Gothic 
structures  which  still  adorn  so  many  parts  of  Europev 

The  following  are  instances  in  smaller  bodies,  of  strength  ob» 
iauied  by  the  arched  ibrm.-*^A  thin  watch-glass  bears  a  very 
hard  pushf-^-a  dished  or  arched  wheel  for  a  cMriage  is  many 
ttmea  stronger  to  resist  all  kinds  of  shocks  than  ft  perfectly  flat 
wheel  ;*— a  full  cask  may.£sdl,  with  impuiiity^  whtte  a  strong 
square  box  wouU  be  dashed  to  piecea^-«4  very  Hin  globular 
Ihflk  or  glais,  oeiked  and  sent  dowvi  mmf  fiitboma  iato  the 
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aea^  wUl  resist  the  pressure  of  water  around  it,  where  a  square 
bottle,  with  sides  of  almost  any  thiekness,  would  be  crushed  to 
pieces. 

We  have  an  illustration  from  the  animal  frame,  of  the  arched 
form  giving  strength,  in  the  cranium  or  skull,  and  particularly 
in  the  skuU  of  man,  which  is  the  largest  in  proportion  to  its 
thickness; — ^the  brain  required  the  most  perfect  security,  and 
by  the  arched  form  of  the  skull  this  has  been  obtained  with 
little  weight^-The  common  e^-shell  is  another  example  of 
the  same  class;  what  hard  Mows  of  the  spoon  or  knife  are  often 
required  to  penetrate  this  wonderful  defence  provided  for  the 
dormant  life!  The  weakness  of  a  similar  substance^  which  has 
not  the  arched  form,  is  seen  in  a  scale  from  a  piece  of  freestone 
which  so  readily  'crumbles  between  the  finggers. 

To  determine,  for  particular  cases,  the  best  forms  of  beams 
and  joists  and  of  arches,  domes,  &e.,  is  the  business  of  strict  cal* 
eulation,  and  belongs  therefore  to  mathematics  or  the  science 
of  mtaaureM. 

It  was  a  beautiful  problem  of  this  kind,  which  Mr.  Smeaton, 
the  English  engineer,  solved  so  perfectly,  in  the  construction 
of  the  far  famed  Eddystone  lighthouse.  He  had,  to  determine 
the  form  and  dimensions  of  a  building,  which  should  stand  firm 
on  a  sunken  rock,  in  the  channel  of  a  swift  ocean  tide,  and  ex« 
posed  to  the  fury  of  tempests  from  every  quarter. — Only  the 
man  who  has  himself  been  driven  before  the  irresistible  storm 
in  the  darkness  of  night,  and  in  the  midst  of  dangers,  and 
whose  eyeB  have  watched  the  steady  ray  from  the  lighthouse 
which  saved  him,  can  appreciate  folly  the  importance  of  the 
studies  which  bring  such  useful  results;  or  can  feel  how  happy 
he  is  to  have  fellow  men,  whose  talents,  although  exerted  usu* 
ally  for  individual  good,  are  yet  by  God's  providence  made  to 
accomplish  the  most  philanthropic  ends,  and  to  bind  the  whole 
of  human  kind  into  one  great  society  of  helping  brotherhood. 
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Mechanism  of  the  Human  Skeleton, 

HAvma  now  completed  our  study  of  general  mechanies,  we 
shall  proceed,  with  the  light  thence  deriyed,  to  examine  that 
most  interesting  illustration  of  many  of  the  truths — the  solid 
frame  of  the  human  body — a  perfect  work  of  an  unerring  En- 
gineer! 

There  is  scarcely  a  part  of  the  animal  body,  or  an  action 
which  it  performs,  or  an  accident  that  can  befal  it,  or  a  piece  of  pro- 
fessional assistance  which  can  be  given  to  it,  that  does  not  furnish 
illustration  of  some  truth  of  natural  philosophy;  but  were  we 
here  to  enter  into  much  detail,  we  should  be  giving  minute  les- 
sons on  anatomy,  physiology,  surgery,  and  medicine,  instead  of 
explaining  general  laws.  We  shall  therefore  only  touch  upon 
as  many  particulars  as  will  make. the  understanding  of  all  the 
others  easy;  taking  care  to  include  among  our  illustrations,  such 
matters  of  importance  as  would  be  likely  to  escape  the  notice 
of  a  hasty  student. 

The  cranium  or  skull  was  already  mentioned  as  an  instance 
of  the  arched  form  answering  the  purpose  of  giving  strength. 
The  brain,  in  its  nature,  is  so  tender  or  susceptible  of  injury, 
that  slight  local  pressure  disturbs  its  action.  Hence  a  solid  co- 
vering like  the  skull  was  required,  with  those  parts  made  strong- 
er and  thicker  which  are  most  exposed  to  injury.  An  architec- 
tural dome  is  constructed  to  resist  one  kind  of  force  only,  al- 
ways acting  in  one  direction,  vice*  gravity;  and  therefore  its 
strength  increases  regularly  towards  the  bottom,  where  the 
weight  and  horizontal  thrust  of  the  whole  are  to  be  resisted;  but 
in  the  skull,  the  tenacity  of  the  substance  is  many  times 
more  than  sufficient  to  resist  gravity,  and  therefore  aids  the 
form  to  resist  forces  of  other  kinds  operating  in  all  directionsj 
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When  we  reflect  on  the  strength  displayed  by  the  arched  film 
of  an  egg-shell,  we  need  not  wonder  at  the  severity  of  blows 
which  the  cranium  can  withstand. 

In  the  early  fetal  state,  that  which  afterwards  becomes  the 
strong  bony  case  of  the  brain,  exists  only  as  a  tough  flexible 
membrane.  Ossification  commences  in  this  membrane,  long 
before  birth,  at  a  certain  number  of  points  from  which  it  spreads, 
and  the  portions  of  the  skull  formed  around  these  points  soon 
acquire  the  appearance  of  so  many  scales  or  shells  applied  on 
the  smr&ce  of  the  brain,  and  held  together  by  the  remaining 
membrane  not  yet  ossified.  During  parturition,  these  portions 
oiverlap  at  thrir  edges,  so  as  most  usefnlly  to  diminish  the  sixe, 
and  to  change  the  form  of  the  head.  They  afterwards  become 
firmly  fixed  together,  by  projections  of  bone  from  each,  shoot- 
ing in  among  similar  projections  of  the  adjoining  ones,  until  all 
motually  cohere  by  perfect  dove-tailed  joints,  like  the  work  of  a 
carpenter.  These  joints  are  called  the  sutures  of  the  cranium,  an 
are  visible  to  extreme  old  age.  Through  early  childhood,  the 
cranium  remains  to  a  certain  degree  yielding  and  elastic,  and 
the  falls  and  blows  so  frequent  during  the  lessons  of  walkings 
&c.  are  borne  with  impunity.  The  mature  skull  consists  of  two 
layers  or  tabUsj  with  a  soft  diphe  between  them;  the  outer 
table  being  very  tough,  with  its  parts  dove-tailed  into  each  other 
as  tough  wood  would  be  by  human  artificers;  while  the  inner 
table  is  harder  and  more  brittle,  (hence  called  vitreousy)  with 
its  edges  merely  lying  in  contact,  because  its  brittleness  would 
render  dovetailing  useless. 

A  very  severe  partial  blow  on  the  skull  generally  fractures 
and  depresses  the  part,  as  a  pistol-bullet  would:  while  one  less 
severe,  but  with  more  extended  contact,  being  slowly  resisted  by 
the  arched  form,  often  injures  the  skull  by  what  is  correspcm- 
dent  to  the  horizontal  thrust  in  a  bridge,  and  causes  a  crack 
at  a  distance  from  the  place  struck, — generally  half  way  round 
to  the  opposite  side.  Sometimes  in  a  fall  with  the  bead  fore- 
most, the  skull  would  escape  injury,  but  for  the  body  which 
falls  upon  it,  pressing  the  end  of  the  spine  against  its  base. 

In  the  lotoerjaw  w^  have  to  remark  the  greater  meehanical 
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adrantage^  or  lever-power^  with  whieh  the  museles  act,  than  in 
naofit  other  parts  of  animals.  The  temporal  and  masseter  mus- 
cles pull  almost  directly  J  or  at  right  angles  to  the  line  of  the 
jaw,  while  in  most  other  cases,  as  in  that  of  the  deltoid  muscle 
lifting  the  arm,  the  muscles  act  very  obliquely ^  and  with  power 
diminished  in  proportion  to  the  obliquity.  An  object  placed 
between  the  back  teeth  is  compressed  with  the  whole  direct 
power  of  the  strong  muscles  of  the  jaw.  Hence  the  human 
jaw  can  crush  a  body  which  offers  great  resistance,  and  the 
jaws  of  the  lion,  tiger,  shark,  and  crocodile,  &c.  are  stronger 
still. 

The  teeih  rank  high  among  those  parts  of  the  animal  body, 
which  appear  almost  as  if  they  were  severally  the  fruits^  of  dis- 
tinct miraculous  agencies — so  difficult  is  it  to  suppose  a  few 
simple  laws  of  life  capable  of  producing  the  variety  of  form  so 
beautifully  adapted  to  purposes,  which  they  exhibit  They  con- 
stitute an  extraordinary  set  of  chissels  and  wedges,  so  arranged 
as  to  be  most  efficient  for  cutting  and  tearing  the  food,  and  with 
their  exterior  enamel  so  hard,  that  in  early  states  of  society, 
teeth  were  made  to  answer  many  purposes  for  which  steel  is 
used  now.  It  seems,  however,  as  if  the  laws  of  life,  astonish- 
ing as  they  are,  had  still  been  inadequate  to  cause  teeth  cased 
in  their  hard  enamel,  to  grow  as  the  softer  bones  grow;  and 
hence  has  arisen  a  provision  more  extraordinary  still.  A  set  of 
small  teeth  appear  soon  after  birth,  and  serve  the  child  until 
six  or  seven  years  of  age;  these  then  fall  out,  and  are  replaced 
by  larger  ones,  which  endure  for  life;,  the  number  being  com- 
pleted only  when  the  man  or  woman  is  full-grown,  by  four 
teeth,  called  wisdom  teeth,  because  they  come  so  late,  which 
rise  to  fill  up  the  then  spacious  jaw. 

The  spine  or  back  bone  has,  in  its  structure,  as  much  of 
beautiful  and  varied  mechanism  as  any  single  p^rt  of  our  won- 
derful frame.  It  is  the  central  pillar  of  support  or  great  con- 
necting chain  of  all  the  other  parts;  and  it  has,  at  the  same 
time,  the  office  of  containing  within  itself,  and  of  protecting 
from  external  injury,  a  prolongation  of  the  brain,  called  the 
spinal  marrow,  more  important  to  animal  life  than  the  greater 
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part  of  the  brain  itself.  We  Bhall  see  the  spine  uniting  the  ap- 
parent Sneompatibilities  of  great  elasticity^  great  flexibility  in 
all  directions,  and  great  strength  both  to  support  a  load  and  to 
defend  its  important  contents. 

Elasticity. — ^The  head  may  be  said  to  rest  on  the  elastic 
column  of  the  spine,  as  the  body  of  a  carriage  rests  upon  its 
springs.  Between  each  two  of  the  twBnty-four  vertebrae  or  dis- 
tinct bones  of  which  the  spinq^  consists,  there  is  a  soft  elastic 
intervertebral  suhstanee^  about  half  as  bulky  as  a  vertebra, 
yielding  readily  to  any  sudden  jar  ;  and  the  spine  moreover,  is 
waved  or  bent  a  little  like  an  italic/,  as  seen  when  it  is  viewed 
sidbways  ;  iand  fof  this  reason,  also,  it  yields  to  any  sudden 
pressure  operating  from  either  end.  The  bending  might  seem  a 
defect  in  a  column  intended  to  support  weight,  but  the  disposition 
of  the  muscles  around  is  such  as  to  leave  all  the  elasticity  of  the 
bend  and  a  roomy  thorax,  without  any  dimunition  of  strength. 

Flexibilift/.'-'The  spine  may  be  compared  to  a  chain,  because 
it  consists  of  twenty-four  distinct  pieces,  joined  by  smooth  rub- 
bing surfaces,  so  as  to  allow  of  motion  in  all  directions ;  and  a 
little  motion  comparatively  between  each  two  adjoining  pieces, 
becomes  a  great  extent  of  motion  in  the  whole  line.  The  artic- 
ulating surfaces  are  so  many,  and  so  exactly  fitted  to  each  other, 
and  are  connected  by  such  number  and  strength  of  ligaments, 
that  the  combination  of  pieces  is  really  a  stronger  column  than 
a  single  bone  of  tlie  same  size  would  be. 

The  strength  of  the  spine  as  a  whole,  is  shown  in  a  man's 
easily  carrying  upon  his  head  a  weight  heavier  than  himself : 
while  each  separate  vertebra  is  a  strong  irregular  ring,  or  doable 
arch  surrounding  the  spinal  marrow.  The  spine  increases  in 
size  towards  the  bottom,  in  the  justest  proportion,  as  it  has  more 
weight  to  bear.  p 

Considering  the  great  number  of  parts  forming  Uie  spine,  and 
their  so  delicate  mutual  adaptation,  one  might  expect  that  inju- 
ries and  diseases  of  the  atructOre  would  be  vety  frequent,  llie 
reverse,  however,  is  true  under  natural  circumstances  ;  so  tliat 
while  hundreds  and  thousands  of  works  have  been  pcrbKriiedtm 
the  ailments  of  almost  each  of  the  other  parts  of  the  body,  it  is 
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almost  within  a  few  yews  that  spine  aflectiona  have  drawn  the 
minute  attention  of  medical  men.  One  reaaon  of  thia  ia,  that 
aU  which  regards  health  and  disease  is  now  much  more  com- 
pletely analyzed  than  formerly  ;  but  another  and  the  chief  reason 
is,  that  from  a  change  recently  introduced  into  the  system  of 
education  for  young  ladies,  a  considerable  proportion  of  them 
have  grown  to  womanhood  with  weakened  and  crooked  spines. 
The  subject  merits  farther  consideration  here. 

To  the  well-beiog  of  the  higher  classes  of  animals,  exerciae 
of  their  various  parts  ia  9S  necessary  as  their  nourishmenti  and 
if  it  be  withheld  by  any  cause  during  the  period  of  growth}  the 
body  is  often  permanently  crippled,  or  at  least,  never  acquires 
its  due  form  and  proportions.  The  overflow  of  life  and  energy 
which  nature  has  given  to  young  creatures,  to  prompt  them  to 
the  required  exertion,  is  seen  in  the  ever-changing  opoupation  of 
a  child,  the  qui<»k  succession  ot  its  ideas,  its  jumping  and  skip- 
ping, and  using  all  the  modes  of  round-aboqt  action  that  will 
expend  miiscuiar  energy,  instead  of  seeking,  as  in  after-life,  to 
accomplish  itadesired  ends  in  the  shortest  ways: — and  among  the 
inferior  animals,  the  same  truth  is  illustrated  by  the  play  of  kit- 
tens, puppies,  bmbs,  tic  But,  strongly  aa  nature  has  thus  ex- 
pressed herself  upon  the  important  subject  of  exercise  among 
the  young,  tyrant  fashion,  with  a  usual  perversion  of  common 
senses  has  of  late  times^  in  England,  formed  a  school  discipline^ 
for  young  woman  of  the  higher  cb^ses,  which  wsrs  directly 
with  nature's  dictate.  The  consequences  have  beeq  such,  thai 
a  atranger  arriving  here  from  China,  might  |ilmoa|  if^gose  it 
the  design  to  make  crooked  and  weak  spines  by  oujr  school  dif^ 
eipline,  as  it  is  the  design  in  China  to  make  little  feet  by  the 
iron  shoe*  The  result  is  the  more  striking,  because  the  brothers 
of  the  female  victims,  and  who  of  course  have  similar  cpnftitiv- 
lions^  are  robust>  heahhy,  and  well-formed*  Ap^0$^nt  girl, 
when  her  spirits  are  bvHiyant^  is  allowed  to  obey  kvp  Mt^nl 
foritng,  and  at  proper  limes  may  danee,  and  akip^  ati4  wim,  uo- 
til  heaUby  exfaauetipn  asks  that  repose,  which  ia  eqiially  atlow*- 
ed;andttraash(agsowa  tip  strong  and  strmghi:  but  the  yiM^nf 
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lady  is  receiving  constaDt  admoqition  to  curb  all  propensity  U> 
such  Tulgar  activity,  and  often,  just  in  proportion  as  she  sub- 
dues nature,  she  receives  the  praise  of  being  taelMred.  The 
multifarious  studies  of  the  young  lady  come  powerfully  in  aid 
of  the  admonition,  by  fixing  her  for  many  hours  every  i^y  to 
sedentary  employment  The  consequences  soon  follow,  of 
weakness  in  the  body  generally  from  the  want  of  the  natural 
quantity  and  variety  of  exercise,  but  of  the  back  particularly, 
from  the  manner  in  which  the  sitting  is  usually  performed. 
While  it  would  be  accounted  great  cruelty  to  make  a  delicate 
young  creature  stand  all  day,  because  the  legs  would  tire,  this 
very  cruelty  is  in  almost  constant  operation  against  the  back, 
as  if  backs  could  not  tire  as  well  as  legs.  A  girl  is  allowed  to 
sit  down  because  she  has  been  long  standing,  but  great  care  is 
taken  that  the  muscles  of  the  back,  which  still  remain  in  action 
as  she  sits,  shall  not  be  at  all  relieved  ;  for,  from  the  idea  that 
it  is  ungraceful  to  loll,  she  is  either  put  upon  a  stool  which  has 
no  back  at  all,  or  upon  a  very  narrow  chair  with  a  perpendi- 
cular back.  Now  neither  of  these  relieves  bw  spine,  yet  the 
stool  is  less  hurtful  than  the  chair,  by  allowing  it  to  bend  in 
different  ways,  so  as  to  rest  the  different  sets  of  miiscles  alter- 
nately, while  the  chair  keeps  it  constantly  upright,  and  nearly 
unmoved.  The  excessive  fatigue  soon  causes  the  spine  to  give 
way  in  some  part  and  to  bend,  and  the  curvature  becomes  per- 
manent When  a  bend  has  taken  place  in  one  situation,  there 
immediately  follows  an  opposite  bend  above  or  below,  to  keep 
the  centre  of  gravity  of  the  body  always  directly  over  the  base% 
Thus  the  curve  becomes  double,  like  an  italic/,  and  the  distor* 
tion  is  complete.  In  bending,  the  sjune  is  sometimes  also  par- 
tially rotated,  so  as  to  show  from  behind  that  waving  profile 
which  should  be  seen  only  from  the  side. 

In  the  school  discipline  now  spoken  of,  when  the  inclination 
ctf  the  back  has  once  begun,  it  is  very  soon  increased  by  the 
means  used  to  cure  it  Strong  stiff  stays  are  put  on,  to  support 
the  back  as  it  is  said,  but  which  in  reality,  by  superseding  the 
action  of  the  muscles  intended  by  nature  as  the  supports,  cause 
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these  to  lose  their  strength,  so  that  when  the  stays  are  with* 
drawn  they  are  unable  to  support  the  body.  Longer  sittings  in 
the  narrow  upright  chair  are  then  recommended,  and  sometimes 
the  back  is  forcibly  stretched  by  pulleys,  or  the  patient  is  kept 
all  day  and  night  lying  on  an  inclined  board,  losing  her  health, 
&c.  &c.  The  only  things  guarded  against  are  the  allowing  to 
the  child  proper  exercise  and  aur,  and  the  letting  her  rest  when 
she  is  not  taking  exercise.  With  many  persons  the  prejudice 
had  at  least  grown  up,  that  strong  stays  should  be  put  on  at  a 
very  early  age,  to  prevent  the  first  approach  of  the  mischief 
and  that  a  child  should  alway^^  be  made  to  sit  on  the  straight'^ 
.backed  chair,  or  to  lie  on  the  hard  plane:  and  it  is  probable,  that 
if  these  cures  and  preventives  had  been  adopted  as  universally 
and  strictly  as  many  deemed  them  necessary,  we  should  now 
scarcely  have  in  England  a  young  lady  with  a  back  strong 
enou^  properly  to  perform  its  officer  It  would  be  disgusting 
to  see  an  attempt  made  to  improve  the  strength  and  shape  of  a 
young  race-horse  or  greyhound,  by  binding  tight  splints  or  stays 
round  its  beautiful  young  body,  and  then  tying  it  up  in  a  stall; 
but  this  is  the  kind  of  absurdity  and  cruelty  which  has  been  so 
commonly  practised  in  this  country,  towards  what  may  well  be 
called  the  most  faultless  of  created  being?* 

A  pernicious  prejudice,  with  respect  to  this  curvature  or  dis- 
tortion of  the  qpine,  long  existed,  viz.  that  it  was  a  scrofulous 
affection;  and  many  mothers  concealed  it  as  much  as  possible, 
and  sought  remedy  from  quacks  far  from  home.  Indeed,  until 
within  a  few  years,  the  management  of  spine-diseases  was 
chiefly  the  province  of  some  itregular  members  of  the  preces- 
sion, and  a  rich  source  of  wealth  it  became  to  them,  from  many 
of  their  remedies  being  calculated  to  prolong  instead  of  to  cure 
the  evil.  The  practice  in  spine  cases,  however;  has  now  fiillen 
into  the  hands  of  the  profession  generally,  and  science  having 
detected  the  true  causes  of  the  evil,  its  frequency  is  already  di- 
minished. It  has  been  shown  that  nothing  is  easier  than  to 
prevent  it,  and  that  the  best  cures  are  those  conducted  on 
the  general  principles  of  improving  the  health  of  the  patient. 
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and  of  using  ezerciies  whi«b  directly  atrangitlien  ttie  i^S»cted 
part 

Soime  nug^t  excepi  here  a  long  deseriptioo  af  maebinea  em* 
ployed  in  the  treatment  of  aueb  affections:  but  fortunately  th^ 
list  of  those  which  aro  useful  or  safe  is  very  short: — a  sofa  to 
rest  upon;  choice  of  pleasant  means  of  taking  exercise,  such  as 
the  skii^ittg-rope,  shuttlecock,  dumb-bells,  a  rope-ladder  to 
climb,  a  winch  to  turn,  &c.  ^r^and,  where  it  is  much. desired 
that  the  young  lady  should  practise  music,  a  chair  ipay  be  used 
with  crotches  rising  from  its  sides,  or  with  stnqps  descending, 
from  an  overhanging  canopy  or  crane,  to  suppcnt  the  head  and 
shoulders;  the  straps  being  kept  tight  by  proper  weights^  acting 
over  pulleys  in  the  top  and  back  of  the  chair.  The  author,  in 
various  cases^  has  had  a  small  tight  crane  of  wood  made,  which 
i;rell  answers  the  purpose,  and  may  be  attached  to  a  eommoo 
chair.  It  would  be  out  of  place  here  to  detail  those  particular^ 
of  constitutional  treatment,  which  so  usefully  aid  the  effects  of 
suitable  exercise. 

The  Ribs, — ^Attached  to  twelve  vertebrsB  in  the  middle  of 
the  back,  are  the  ribs  or  bony  stretch^  of  the  cavity  of  the  chesl^ 
constituting  a  structure  which  solves,  in  the  most  perfect  manner^ 
the  difficult  mechanical  problem  of  making  a  cavity  with  solid  Ul- 
terior, which  shall  yet  be  capable  of  dilating  and  oontraQting 
itself.  Each  pair  of  correiqionding  ribs  may  be  considered  as 
forming  a  hoop,  which  hangi  obliquely  dowa  from  the  pl4ce  of 
attachment  behind ;  and  so  that  whea  the  foi^epart  of  all  the  hoops 
is  lifted  by  the  muscles^  the  cavity  of  the  chest  is  oolaigi^d. 

We  have  to  la&mark  the  douUe  conoexioii  of  the  rib  behiod|. 
first  to  the  bodies  of  two  adjoining  vertebras^  and  then  to  a  pro- 
cess or  prcjecUon  from  the  lower,  thus  effecting  a  very  steady 
joint,  and  yet  leaving  the  necessary  freedom  of  motion^  and  we 
see  the  forepart  of  the  rib  to  be  of  flexiUe  cartilagst^  wkicb  al- 
lows the  degree  of  motion  required  tbere^  without  the  compl^cH 
ty  of  a  joint,  and  admirably  guards,  by  its  elasticily,  agsiost  thiS 
^BGdcts  of  siiddeo  blows  or  shocks. 

The  muscles  which  have  their  mgin  on  the  ribs  snd  tbeif 
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inisertion  into  ttie  bones  of  the  urm,  afford  us  an  exaifipk  of  ao 
tion  and  redaction  being  equal  and  contrary.  When  the  ribs  are 
fixed,  these  muscles  move  the  arm;  and  when  the  arm  hi  fixed» 
by  resting  on  a  chair  or  other  object^  they  move  the  ribs.  This 
is  seen  in  fits  of  asthma  and  dyspnea. 

The  human  skeleton,  with  its  naked  ribs,  is  so  associated  in 
the  common  mind  with  ideas  of  death,  and  loss  of  friends,  and 
ail  the  terrors  of  doubtful  fbturity,  that  to  most  persons  it  is  an 
object  of  abhorrence:  but  to  the  philosophic  mind,  which  rises 
superior  to  place  and  time,  the  so  admirable  adaptation  of  ail  the 
parts  to  their  purposes,  and  of  parts  which  being  purely  me* 
ehanical  are  perfectly  understood,  makes  it,  independently  of 
all  professional  considerations,  an  object  of  the  most  intense  in- 
terest Such  mechanism  reteals,  by  intelligible  signs,  the  hand 
bf  the  Creator;  and  a  man  may  be  said  sublimely  to  commune 
with  his  Maker,  who  contemplates  and  understands  the  structure 
aright 

The  Shoulder-Joint  is  remarkable  for  combining  great  extent 
of  motion  with  great  strength.  The  round  head  of  the  shoulder- 
bone'  rests  upon  a  shallow  cavity  in  the  shoulder-blade,  that  it 
may  turn  fireely  In  all  ways;  am)  the  danger  of  dislocation  from 
this  shallowness  is  guarded  against  by  two  strong  bony  projec- 
tions above  and  behind.  To  increase  the  range  of  motion  to 
<he  greatest  possiUe  degree,  tiie  bone  called  the  shoulder-blade, 
which  contains  the  socket  of  the  arm,  slides  about  itsdf  upon 
the  convex  exterior  of  the  chest,  having  its  motion  limited  only 
by  a  connexion,  flirough  the  collar-bone  or  clavicle,  wi(J)  the 
sternum. 

The  scapula  or  blade-bone  is  extraordinary  as  an  illustration 
of  the  mechanical  rules  for  combining  lightness  with  strength. 
It  has  the  strength  of  the  arch  from  being  a  little  concave,  like 
the  dished  wheel  already  <leseribed,  aad  its  substance  is  chiefly 
collected  in  its  borders  and  spines,  with  thin  plates  between, 
as  the  strength  of  a  wheel  is  collected  in  its  rim,  and  spokes, 
imd  nave. 

The  bones  of  the  arms,  considered  as  levers,  have  the  mus- 
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cles  which  more  them  attached  very  near  to  the  fulcra  and  verjr 
obliquely^  so  that  from  working  through  a  short  distance  com- 
paratively with  the  resistances  overcome  at  the  extremities,  the 
muscles  require  to  be  of  great  strength.  It  has  been  calculated 
that  the  muscles  of  the  shoulder-joint,  in  the  exertion  of  lifting 
a  man  upon  the  hand,  pull  with  a  force  of  two  thousand 
pounds. 

Notwithstanding  all  Uie  securities  to  the  shoulder-joint  now 
described,  in  the  infinite  variety  of  twists,  and  falls,  and  acci- 
dents to  which  men  are  liable  in  the  busy  scene  of  society,  the 
joint  is  frequently  dislocated,  that  is,  the  rounded  head  of  the 
humerus  or  arm-bone  slips  from  its  socket,  with  instant  lame- 
ness as  a  consequence. 

In  the  treatment  of  dislocations  and  fractures  of  the  frame- 
work of  the  human  body,  the  surgeon  cannot  avoid  displaying 
strikingly  either  his  skill  in  his  profession  or  his  ignorance. 
With  what  ease  does  the  displaced  arm  or  thigh-bone  return, 
under  the  guidance  of  the  skilful  hand!  and  to  what  horrible, 
and  often  unavailing  torture,  is  the  victim  subjected,  when  in 
such  a  case  ignorance  dares  the  attempt!  It  is  positive  pain  to  a 
vivid  imagination  to  look  into  the  records  of  ancient  surgery  and 
to  be  made  present,  as  it  were,  to  the  stretching  of  patients  on 
the  rack  with  pulleys  and  powerful  engines^  to  do  what  better 
information  could  so  easily  have  accomplished  without  violence. 
And  would  that  the  records  of  modern  times  contained  fewet 
instances  of  individuals  crippled  for  life  by  such  practice.  No- 
thing can  now  ensure  impunity  and  a  quiet  conscience  to  a 
practitioner  in  this  branch,  if  he  wants  a  familiarity  with  the 
laws  of  mechanical  philosophy,  and  a  perfect  knowledge  of  ana- 
tomy. 

With  our  present  information  on  these  subjects,  we  are  sur- 
prised at  the  detail  of  the  practices  and  eirors  promulgated  in 
former  times,  owing  to  ignorance  of  mechanics,  even  by  aui- 
thors  of  the  highest  credit  It  would  hardly  be  believed 
that  Mr.  Pott,  one  of  the  glories  of  English  surgery,  held  that 
in  reducing  a  dislocation  of  the  shoulder  or  hip,  it  was  useless 
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to  pull  by  the  hand  or  foot^  because  the  intenrening  joints  pre- 
vented the  strain,  from  reaching  the  part  desired.* 

Some  surgeons^  possessing  a  certain  degree  of  knowledge  in 
mechanics  but  only  that  degree  which  is  dangerous,  having 
he^rd  that  the  lever  was  a  powerful  engine,  have  tried  to  i^- 
place  bones  solely  by  leverage,  as  itwas  called.  Thus,  a  man's 
dislocated  arm  has  been  placed  over  the  back  of  a  chair  as  a 
fulcrum,  or  over  the  top  of  a  door,  and  while  the  weight  of  the 
suffering  body  was  hanging  to  it  on  one  side  as  the  resistance, 
force  has  been  applied  to  the  other  side,  enough  sometimes  to 
break  the  bone,  or  to  tear  away  the  ligaments  and  soft  parts 
about  the  joint 

Other  surgeojis,  after  learning  in  the  same  way  the.  effects 
of  the  pulley,  have  wished  to  do  all  by  irresistible  extension, 
and  instead  of  borrowing  the  moderate  assistance  which  might  be 
useful  have  torn  muscles  and  ligiments  from  their  attachments. 

It  is  not  the  object  of  this  work  to  enter  into  an  extended  ex- 
amination of  those  accidents  befalling  the  body  which  require 
mechanical  skill  for  their  proper  management,  for  this  would  be 
to  deliver  a  course  of  instruction  on  practical  surgery;  but  it  is* 
wished  to  teach  the  stnoent  those  valuable  general  principles 
which  may  furnish  a  constant  direction,  and  may  solve  most  dif- 
ficulties. Possessing  these,  and  good  sense,  he  will  often  be  a 
more  effective  minister  of  his  art  than  a  man  full  of  learned 
precedents,  who  wants  them.  To  make  this  lesson  more  im- 
pressive to  his  young  readers  the  author  takes  the  occasion  to 
observe,  that  when  he  was  himself  so  young  that  he  could  not 


*  WiUi  due  deference  to  our  author,  we  cannot  help  thinking,  that  there  will 
not  onlj  be  no  difficulty  in  believing  this  fact,  but  that  assent  will  be  readilj  yield* 
ed  to  its  correctness,  in  a  great  measure,  if  not  to  its  fullest  extent  If  the  intenre- 
aing  joints  do  not  entirtiy  prevent  the  strain  from  reaching  the  part  desired 
*t  least  by  pulling  at  the  hand  or  foot  in  dislocations  of  the  shoulder  or  hip,  w« 
Incar  a  greater  probability  of  producing  injury  of  the  elbow  or  knee  joints,  than 
of  reducing  the  luxation.  Therefore  the  rule  laid  down  by  Pott  "  that  all 
force  used  in  reducing  the  luxated  head  of  a  bone**  "  ought  always  to  be  applied 
to  the  oUier  extremity  of  s^d  bone^'  is  a  correct  one,  and  based  on  souad  priaci- 
plas;  aad  moreorer  eiqp«ricnce  ia  in  its  farour. 

Ee 
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yet  have  had  extensive  praotical  experience,  he  was  thrown  into 
a  situation  where  a  heavy  medical  charge  devolved  upon  him; 
and  where,  through  accidents  among  a  numerous  crew,  during 
an  eventful  voyage  leading  to  intercourse  with  the  savage 
inhabitants  of  unfrequented  coasts,  within  twenty-six  months, 
he  had  more  practice  in  singular  wounds,  dislocations,  and  frac- 
tures, then  falls  to  tho  lot  of  many  practitioners  during  a  whole 
life.  It  was  then  that  he  became  fully  aware  of  the  importance 
to  the  medical  man  of  general  philosophieal  principles;  and  bis 
peace  of  mind  after  the  voyage,  was  much  owing  to  the  eircum* 
stances  which  had  made  him  look  carefully  at  the  body  through 
such  media. 

ne  OS  humerif  or  bone  of  the  upper  arm,  is  not  perfectly 
cylindrical;  but  like  most  of  the  other  bones  called  cylindrical, 
it  has  ridges  to  give  strength,  on  the  principle  explained  in  the 
chapter  <'on  strength  of  materials. " 

The  elbow  joint  is  a  correct  hinge,  aad  so  strongly  secured 
that  it  is  rarely  dislocated  without  fracture. 

The  fore  arm  consists  of  two  bones  with  a  strong  membrane 
between  them.  Its  great  breadth,  from  this  structure,  afiords 
abundant  apace  for  the  origin  of  the  nuiny  muscles  that  go  to 
move  the  hand  and  fingers:  and  the  very  peculiar  mode  of  con- 
nexion of  the  two  bones,  gives  man  that  most  useful  faculty  of 
turning  the  hand  round,  into  what  are^led  the  positions  of  pro- 
nation and  supinatioii,  exemplified  in  the  action  of  twisting,  or 
of  turning  a  gimlet. 

The  old  surgeons,  who  acted  frequently  by  rules  of  routine 
rather  than  by  reasons,  in  the  accident  of  fracture  to  one  or  both 
bones  of  the  fore  arm,  ofien  applied  a  tight  bandage,  which  pull- 
ed the  bones  at  the  fractured  part  close  to  each  other,  and  thus 
injured  the  future  shape  and  strength  of  the  arnt. 

The  wrist  The  many  sxaaXX  bonea  forming  this  have  a  sig- 
nal effect  of  deadening,  in  regard  to  the  parts  above,  the  shocks 
or  blows  which  the  hand  receives. 

The  annular  ligament  is  a  strong  band  passing  round  the 
joint,  and  keeping  all  the  tendons  whidi  pass  from  the  muscles 
above  to  the  fingers,  close  to  the  joint.     It  answers  the  purpose 
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ot  SO  many  fixed  pulleys  for  directing  the  tendons:  without,it, 
they  woald  all,  on  action,  start  out  like  bow-strings,  producing 
deformity  and  weakness. 

T%e  human  harul  is  so  admirable,  from  its  numerous  me- 
chanical  and  sensitire  capabilities,  that  an  opinion  at  one  time 
commonly  prevailed,  that  man's  superior  reason  depended  on 
his  possessing  such  an  instructor  and  such  a  seryatit  Now  al- 
though reason,  with  hoofs  instead  of  fingers,  could  never  have 
raised  man  much  above  the  brutes,  and  probably  could  not  have 
secured  the  continued  existence  of  the  species,  still  the  hand  i$  no 
more  than  a  fit  instrument  of  the  godlike  mind  which  directs  it. 

The  pelvis f  or  strong  irregular  ring  of  bone  on  the  upper 
edge  of  which  the  spine  rests,  and  from  the  sides  of  which  the 
legs  spring,  forms  the  centre  of  the  skeleton.  A  broad  bone 
was  wanted  here  to  connect  the  central  column  of  the  spine 
with  the  lateral  columns  of  the  legs,  and  a  circle  was  the  light-, 
est  and  strongest.  If  we  attempt  still  farther  to  conceive  how 
the  circle  could  be  modified,  to  fit  it  for  the  spine  to  rest  on, 
for  the  thighs  to  roll  in,  for  muscles  to  hold  by,  both  above  and 
below,  for  the  person  to  sit  on,  we  shall  find,  on  inspection, 
that  all  our  anticipations  are  realized  in  the  most  perfect  man- 
ner. In  the  pelvis,  too,  we  have  the  thyroid  hole  and  ischiatic 
notches,  furnishing  subordinate  instances  of  contrivance  to  save 
material  and  weight: — ^they  are  merely  deficicnces  of  bone 
where  solidity  could  not  have  given  additional  strength.  The 
broad  ring  of  the  pelvis  protects  most  securely  the  important, 
organs  placed  within  it 

The  hip  joint  exhibits  the  perfection  o(  the  ball  ftnd  socket 
articulation.  It  allows  the  foot  to  move  round  in  a  circle,  as 
well  as  to  have  the  great  range  of  backward  and  forward  mo- 
tion exhibited  in  the  action  of  walking.  When  we  see  the 
elastic  tough  smooth  cartilage  which  lines  the  deep  -socket  of 
this  joint,  and  the  similar  gKistening  covering  of  the  ball  or  head 
of  the  thigh-bone,  and  the  lubricating  synovia  poured  into  the 
cavity  by  apprbptiate  secretoriet^  and  the  strong  ligaments  gi- 
ving strength  all  around,  we  feel  how  far  the  most  perfect  of 
lAftn's  woiics  falls  short  of  the  mechanism  displayed  by  nature. 


The  thigh  bone  is  remarkable  for  its  projections  called  tro- 
chaDters,  to  which  the  moviDg  muscles  are  fixed,  and  which 
lengthen  considerably  the  lever  by  which  the  muscles  work. 
The  shaft  of  the  bone  is  not  straighti  but  has  a  considerable  for« 
ward  curvature.  Short-sightedness  might  suppose  this  a  weak- 
•iiess,  because  the  bone  is  a  pillar  supporting  a  weight:  but  the 
-bend.^ve8  it  in  reality  the  strength  of  the  arch,  to  bear  the  action 
of  the  mass  of  muscle  called  vastus,  which  lies  and  swells 
upon  its  forepart. 

The  knee  is  a  hinge  joint  of  complicated  structure,  and  it 
claims  the  most  attentive  study  of  the  surgeon.  The  rubbing 
parts  are  flat  and  shallow,  and  therefore  the  joint  has  little 
strength  from  form;  but  it  derives  security  from  the  numerous 
and  singularly  strong  ligaments  which  surround  it.  The  liga* 
ments  on  the  inside  of  the  knees  resemble,  in  two  circum- 
stances, the  annular  ligaments  of  joints,  viz.  in  having  a  con- 
stant and  great  strain  to  bear,  and  yet  in  becoming  stronger  al- 
ways as  the  strain  increases.  The  line  of  the  leg,  even  in  the 
most  perfect  shapes,  bends  inwards  a  little  at  the  knee,  re- 
quiring the  support  of  the  ligaments;  and  in  many  persons  it 
bends  very  much;  but  the  inclination  does  not  increase  with 
age.  The  legs  of  many  weakly  in*kneed  children  become 
straight  by  exercise  alone.  This  inclination  at  the  middle  joint 
^f  the  leg,  by  throwing  a  certain  strain  on  the  ligaments,  gives 
an  increase  of  elasticity  to  the  limb,  in  the  actions  of  jumping, 
running,  &c. 

In  the  knee  there  is  a  singular  provision  of  loose  cartilages, 
which  have  been  called  friction  cartilages,  from  a  supposed  rela- 
lation  in  use  to  friction  wheels;  but  their  real  effect  seems  to  be 
to  accommodate  in  the  different  positions  of  the  joint,  the  sur- 
faces of  the  rubbing  bones  to  each  other. 

Under  the  head  of  Pneumatics^  we  shall  find  that  the  bones 
fcH'ming  the  knee  are  held  together,  independently  of  the  liga- 
'ments,  by  a  constant  pressure  of  the  atmosphere^  amounting  to 
upwards  of  sixty  pounds. 

The  great  muscles  on  the  forepifft  of  the  ihi|^  s«e  oontraeted 


into  a  tendon  a  little  afbove  ibe  knee,  and  liaTe  to  pais  over  and 
in  'front  of  the  iknee  to  reaoh  the  top  of  the  !legy  larhere  ti^ir  air 
lachment  is.  The  tendon,  in  passing  over  the  joint,  becomes 
■bony,  and  forms  the  patella  or  knee-pan,  often  called  thefollegr 
t>f  the  knee.  This  peculiapiiy  enables  the  muscles  to  act  mose 
achrantageously,  by  increasing  the  'distance  of  the  jope  from  tlie 
tsentre  of  motion.  The  patella  is  mm^eover  a  sort  ef  shield  <er 
protection  lo  the  forepart  of  this  important  joint. 

The  leg  below  the  knee,  like  the  Xore-arm  already  'descried, 
-has  two  bones.  They  offer  apacious  surface  of  origin  for  the 
numerous  muscles  required  for  the  feet,  and  they  form  a  nom'- 
pound  pillar  of  greater  strength  than  the  same  iquantity  of  bone 
as  one  shaft  would  have  had.  The  individual  bones  alsoare  an- 
gular instead  of  round,  hence  deriving  .greater  power  to  nesist 
blows,  &c 

TTte  ancle  joint  is  a  perfect  hinge  of  great  strength.  Th&re 
is  in  front  of  it  an  annular  ligament,  by  which  the  greater  part 
of  the  tendons  passing  downwards  to  the  foot  and  toes  are  kept 
in  their  places.  One  of  these  tendons  passes  under  the  bony 
projection  of  the  inner  ancle,  in  a  smooth  appropriate  groove, 
exactly  as  if  a  little  fixed  pulley  were  there. 

The  heely  by  projecting  so  far  backwards,  is  a  lever  for  the 
strong  muscles  to  act  by,  which  form  the  calf  of  the  leg,  and 
terminate  in  the  tendo  achillis.  These  muscles,  by  drawing  at  it, 
lift  the  body,  in  the  actions  of  standing  on  the  toes,  walking, 
dancing,  &c.  In  the  foot  of  the  negro  the  heel  is  so  long  as  to  be 
ugly  in  European  estimation ;  and  its  great  lengtli  rendering 
-the-effort  of  smaller  muscles  sufficient  for  the  various  purposes, 
the  calf  of  the  leg  in  the  negro  is  smaller  in  proportion  than  in 
«ther  races  of  men. 

In  a  graceful  human  step  the  heel  is  always  raised  before 
the  foot  is  lifted  from  the  ground,  as  if  the  foot  where  part  of  a 
•wheel  rolling  forward;  and  the  weight  of  the  body  supported  by 
4he  ;mu8cles  of  the  calf  of  the  leg,  as  just  described,  rests 
ibr  the  time  on  ;the  fore  part  of  the  foot  aod  i^oes.  There  is 
^en  a  :bending  of  th^  foot  in  a  certain  degree.  But  where 
•trong  wooden  shoes  are  used,  or  any  shoe  so  stiff  that  it 
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vriil  not  jiM  flBid  allow  this  bendiiq;  of  the  foot,^  the  heel  i> 
aot  rtised  at  all  until  the  whole  foot  rises  with  it,  so  that  the 
muscles  of  the  calf  are  scarcely  used^  aod  in  consequence  soon 
dwindle  in  size,  and  almost  disqipear.  Many  of  the  English 
farm  serrants  wear  heary  stiff  shoesf  aod  in  London  it  is  a 
striking  thing  to  see  the  driTers  of  country  wagons,  with  fiat 
robust  persons  in  the  upper  part,  but  with  legp  which  are  flesh- 
less  spindles,  producing  a  gait  most  awkward  and  unmanly. 
The  brothers  of  these  men,  and  who  are  otherwise  employed, 
are  not  so  mis^i^ien.  What  a  pity  that,  for  the  sake  of  a  trir 
jBtng  saving,  £ur  nature  riiould  be  thus  deformed*  An  exam- 
ple of  an  opposite  kind  is  seen  in  Paris.  There,,  as  the  streets 
have  no  side  pavements,  and  the  ladies  have  consequently  to 
walk  almost  constantly  on  tiptoe,  the  great,  action  of  the  mus- 
cles of  the  calf  has  given  a  conformation  of  the  leg  and  foot,  to 
match  which  the  Parisian  belles  proudly  challenge  all  the 
world,-— not  aware^  probably,  that  it  is  a  defect  in  their  city  to 
which  the  peculiarity  of  their  form  is  in  part  owing. 

A  person  confined  to  bed  for  a  week  or  two  by  sickness,  has 
generally  to  remark  a  much  greater  wasting  of  the  legs  than  of  the 
arms;  the  reason  of  which  is,  that  the  muscles  of  the  leg  in  ordi- 
nary cases,  being  more  in  use  than  those  of  the  arms,  have  their 
bulk  so  much  owing  to  this,  that  they  suffer  greater  change 
&om  inaction  than  the  others. 

Facts  of  this  kind,  and  the  known  tnith  that,  by  gymnastic 
exercises  and  training,  the  form  of  the  body  may  be  much 
changed,  be^ur  dii«ctiy  on  the  subject  at  present  so,  near  the 
hearts  of  many  English  mothers,  viz.  the  weak  and  crook^ 
ed  backs  of  their  daughters. — Strong  stays,  which  in  part  super- 
sede the  action  of  the  muscles  placed  by  nature  around  the 
spine  to  support  it,  cause  these  muscles  to  dwindle  in  size,  and 
afterwards,  when  the  support  of  the  stay  fisiils  or  becomes  une* 
qual,  the  back  bends  or  twists.  Stays,  therefore,  can  neither 
help  to  make  strong  and  well-formed  backs  originally,  nor  can 
they  be  a  remedy  after  the  weaikness  has  commenced.  A 
healthy  yoiAg  woman  from  the  oountry,  with  the  i^ne  lying 
deep  between  the  firm  cushions  of  muscle  which  suppport  it^  if 
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taken  and  braced  up  in  tight  stays,  according  to  town  fashion, 
will  frequently  exhibit  at  the  end  of  a  short  time  such  a  wasting 
of  the  flesh  that  the  points  of  the  bone  in  the  spine  may  be. 
counted  by  the  eye,  ail  the  way  down. 

The  arch  of  the  foot  is  to  be  noticed  as  another  of  the  many 
provisions  for  saving  the  body  from  shocks  by  the  elasticity  of 
the  supports.  The  heels,  and  the  balls  of  the  toes,  are  the  two 
extremes  of  the  elastic  arch,  and  the  leg  rests  between  them. 

Connected  with  elasticity,  it  is  interesting  to  remark  how 
imperfectly  a  wooden  leg  answers  the  purpose  of  a  natural  leg. 
With  the  wooden  leg,  which  always  remains  of  the  same  length, 
the  centre  of  the  body  must  describe,  at  each  step,  a  portion  of 
a  circle  of  which  the  bottom  nob  of  the  leg  is  the  centre  ;  and 
the  body  is  therefore  constantly  rising  and  falling; — ^while  with 
the  natural  legs,  which,  by  gentle  flexure  at  the  knee,  are  made 
shorter  or  longer  in  difierent  parts  of  the  step  as  required,  the 
body  is  carried  along  in  a  manner  perfectly  level.  In  like  man« 
ner,  a  man  riding  on  horseback,  if  he  keep  his  back  upright  and 
stiff,  has  his  head  jolted  by  every  step  of  the  trotting  animal ; 
but  the  experienced  horseman,  even  without  rising  in  the  stir- 
rups, by  letting  the  back  yield  a  little  at  each  movement,  as  a 
bent  spring  yields  during  the  motion  of  a  carriage,  can  carry  his 
head  quite  smoothly  along. 

In  a  general  review  of  the  skeleton,  we  have  to  remark,  1st, 
the  nice  adaptation  of  all  the  parts  to  each  other,  and  to  the 
strains  which  they  have  respectively  to  bear;  as  in  the  size  of 
the  spinal  vertebras  increasing  frolh  above  downwards-^the 
bones  of  the  leg  being  larger  than  those  of  the  arm,  and  so  on. 
2dly,  the  objects  of  strength  and  lightness  combined;  as  by  the 
hollowness  of  the  long  bones — ^their  angular  form-^tbeir  thick- 
ening and  flexures  in  particular  places  where  great  strain  has  to 
be  borne^— the  enlargement  of  the  extremities  to  which  the  mus^ 
des  are  attached,  lengthening  the  lever  by  which  these  act,  &e. 
3dly,  we  have  to  remark  the  nature  and  strength  of  material  in 
different  parts,  so  admirably  adapted  to  the  purposes  which  the 
parts  serve:  there  is  a  bone,  for  instance,  in  one  place  nearly  as 
hard  as  iron,  where,  covered  with  enamel,  it  has  the  form  of 
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MMAk,  wilbthfe  Mae  at  ehewiog  and  tearing  alVkiaite  6f  matter 
iMed  aa  {0ai;  ia  tfaa  enimami  agftioy  bone  ia  aofter,  bat  fooglv 
and  resiafting;  in  tke  middle  of  long  boifea  it  is  compact  and  lit- 
tle bulky,  to  leave  room  .for  die  awelting  of-  the  muadea  lying 
th^re;  while  at  ehher  end  it  ia  large  and 'spongy,  with  the  same 
quantity  of  matter,  to  give  a  broad  surfece  for  articulation;  and 
in  the  spine  the  bodies  of  the  vertebrae^  which  rest  on  an  elastic 
bed  of  intervertebral  substance,  are  light  and  spongy,  whilo 
{heir  articulating  sorflices  aiid  processes  ar^  very  hdrd.     In  the 
joints  we  see  the  tough  elastic  smooth  substanoe  called  carti-* 
kge  eoverrag  the  ends  of  the  bon«8«  defending  and  padding 
<hem,  afH$  destroying  frietioB.     In  in&nts  we  find  all  the  boaecr 
softor  gristty,  and  therefore  caiisulated  tor  bear  with  impunity  the 
611s  and  Mows  unavoidable  at  their  afje;  and  we  see  certain  parts 
remaining  ctftilage  or  gristle  for  life,  where  their  elasticity  ia 
iie<ie8sary  or  usefet,  as  at  the  anteeior  extremities  of  the  riba.- 
Abont  the  joints  we  have  to  remark  the  ligamenta  which  bindr 
the  bones  together,  possessing  a  tenacity  acarcdy  equalled  ii| 
any  other  known  substance ;  and  we  aee  that  the  muscular  fibres^ 
whose  eofftractions  move  the  bones  and  thereby  the  body,-^be« 
Cause  they  would  have  made  the  Kmfos  clumsy  even  ta  deform- 
ity had  they  all  passed  over  the  joints  to  the  parts  which  they 
have  to  pull, — attach  themselves  at  convenient  distances,  to  a 
strong  cord  called  a  tendon,  by  means  of  which,  like  a  hundred 
sailors  at  a  rope,  they  nmke  their  effort  efiective  at  any  distance; 
The  tendons  are  remarkable  for  the  great  strength  which  reside9 
in  tKeir  slender  forms,  and  for  the  lubricated  smoothness  of  their 
surfaces.     Many  other  strikin  g  particulars  might  be  enumerated', 
but  these  may  suffice. — Such,  then,  is  the  skeleton  or  general 
frame-work  of  the  human  body — less  curious  and  complicated 
perhaps  than  some  other  parts  of  the  system  which  we  have  yet 
to  examine,  but  so  perfect  and  so  wonderful,  that  the  mind 
Which  can  attentively  consider  it  without  emotion,  is  in  a  state 
not  to  be  envied.* 

JSTote  to  the  Second  EdiHon. 
*  A  dif  tinguislied  member  of  our  prOfeMOii,  Who  Mems  often  to  have  cdntem- 
I>lated  tbe  hnoMi  frme  under  t)M  Mpeet  tv^b  oivrotM  ibc!  thouglits  lowardi  tkt 
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'  The  liviag  Ssrce  oi  aiao  b^s  been  uwd  as  a  working  pow^ 
in  various  ways^  as  io  turniog  a  wineb — ^pulliAg  at  a  rope^-^ 

Creator,  hn  latelj  pttblklied,  witb  the  thk  of  Jttmtaai  Mechamct,  and  a«  t  part  of 
the  Library  <f  Unful  K9Hncie4ge,  an  eaeaj  on  the  perfection  of  design  manifeated 
in  the  animal  atmcture.  It  has  been  euio^zed  in  many  of  the  public  printa^  l^ 
friends  of  the  diffusion  of  knowledge,  aa  one  of  the  most  admirable  productions 
of  modem  times;  and  in  consequence  has  already  been  demanded  by  the  public  to 
the  eztraoidinajy  extent  of  about  thirty  thousand  eopies.  On  comparing  this  new 
essay  with  the  preaent  aeetion  of  the  dements  of  Physics,  to  which  it  has  doer 
relation  in  title,  matter,  and  arran^ment,  it  will  be  found  to  have  substituted  for 
the  detail  of  certain  of  the  facts  adduced  here  as  striking  evidences  of  creative 
contrivance,  an  elaborate  exposition,  constituting  nearly  half  its  substance^  of 
Trhat  its  author  has  deemed  instances  of  still  more  profound  design  than  h^ 
hitherto  been  noticed,  and  atill  mere  ftriking  examples,  therefore,  of  God's  wisdom 
and  power.  Had  these  instances  appeared  to  me  in  the  same  light,  it  would  have 
been  my  agreeble  task^to  have  incorporated  them  with  the  matter  of  this  second 
edition:  but  they  do  not;  yet  the  wide  difTosion  of  the  essay,  and  the  authority  with 
which  it  has  come  before  the  public,  make  it  imperative  on  me,  ap  a  faithful  teacheci 
to  notice  them  here,  and  to  state  my  opinion,  that  with  respectto  eveiy  one  of  them 
the  author  has  fallen  into  an  extraordinary  misapprehension  of  the  true  nature  of 
his  subject,  and  has  attributed  to  the  Creator  contrivance  or  design  which  ia  far 
from  being  divine.  I  publish  my  remarks  without  hesitation  an  regards  either  the 
author,  or  the  public-spirited  society  of  which  he  is  a  member,  assured  of  their  ^p* 
proval»  if  the  remarks  are  well-founded;  but  I  feel  that  I  shall  be  doing  a  kind  of 
sacrilegious  violence  to  many  amiable  minds,  by  undeceiving  them  as  to  whM 
they  have  deemed  so  excellent.  The  feeling  with  which  the  ess«y  is  written  9Q 
paturally  interests  good  men,  and  the  whole  ia  rendered  so  plausible  by  the  appear* 
ance  which  runs  through  it  of  ultra-minute  accjuaintanc^  with  the  suj^ject,  that 
thousands  of  intelligent  persons  must  have  yielded  up  tl^eir  judgmei;it  to  the  per* 
suasive  writer i  and  must  have  studied  the  work  with  unmixed  delight.  Tbes?  are 
not  reasons,  however,  for  concealing  the  truth,  and  certainly  there  ip  no  need  tq 
twist  or  exaggerate  truth,  for  the  purpose  of  proving  from  the  structure  oi  the 
hnroan  body,  the  wisdom  and  benevolence  which  pr^id^d  at  the  oreatioiv 

The  following  are  part  of  the  errors  alluded  to.  Oq^  at  lea^  vitiates  eacl^ 
chapter. 

Cbap.  I.     On  th^  Bead. 

The  author,  after  stating  as  usual  that  the  skull  has  the  strength  and  advantages 
of  the  arched  form,  but  not  aware  apparently  that  there  are  kinds  of  arches  so  dis- 
tieet  firop  Mch  ot||e«,  a«  ta  hare  «v^  direct  oppoaitloBi  lA^nftm  iro^Hicla  of  fMpor. 
t^,  ^.,  l^xpas  to  yi^Tf  tibf  sippguliDr  pf rf^oi^  of  desi^D  i«  the  9km\A,  hj  abow* 
ing  t)iat  it  h94  the  pecuUantief  of  th»  f^chiieetiural  ar^h.  or  that  of  bri<i|geft,  fbmcs, 
&^;  i^kd  he  e^reaae*  wonder  tliai  men  skDnld  fca.T«  been  49  Itng  In  learning  to 
Md  doiof^t  wttfa  f«eiy  ^a^Nritol  f«nif4  >p  kbivwd^oaMplamiMl^tiw 
UMning  Aschttect!  Now  tjie  architectiiral  arch  hae  mtterial,  fofin«ffopfjiiiaiiit  t  r . 

Ff 
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walkiDg  in  the  inside  of  a  large  wheel  to  move  it»  as  a  sqairnsf 
or  turn  spit  dog  moves  his  little  wheel,  &c.     Each  of  these  ha^ 


calculated  to  resist  the  force  of  gravity  only,  which  a  unceasing,  and  acting  only, 
in  one  direction,  and  which  moreover  is  essential  to  the  stability  of  the  arch,  for 
if  this  come  to  incline  a  little  from  its  natural  position,  or  be  shaken  by  an  earth- 
quake, it  is  instantly  demolished.  On  the  other  hand,  there  is  the  arch  of  a  cask, 
or  barrel,  egg-shell,  or  cocoa-nut,  &c.,  in  which  the  tenacity  o^tbe  material  is  many 
times  greater  than  necessary  to  resist  the  influence  of  gravity,  and  comes  inlaid 
therefore  of  the  curve,  to  resist  forces  of  other  kinds,  approaching  in  all  directions, 
as  in  falls,  blows,  unequal  pressure.  Sec.  Now  the  skull,  which  may  be  called  the 
oviform  shell  of  the  brain,  with  the  face  and  mouth  attached  to  its  under  side,  is 
truly  an  arch  of  the  latter  kind,  and  having  very  much  oftener  to  bear  pressure  and 
blows  coming  upon  it  laterally,  than  from  above.  A  thimble,  bee-bive,  limpet-shell, 
&c.  are  much  nearer  approximations  to  the  dome  than  the  skull  is,  because,  fike 
the  dome,  they  are  open  in  one  direction,  yet  by  reason  of  their  smaller  sixe  and 
the  tenacity  of  their  material,  they  are  perfect,  without  the  peculiar  securities  of 
the  dome.  What  a  mistake  then  was  it  for  our  author  to  suppose  himself  proving 
the  perfection  of  the  skull,  by  trjring  to  exhibit  in  it  peculiarities  which,  had  they 
really  existed,  would  have  been  just  so  many  faults! 

Chap.  II. — On  the  Spine, 

Our  author  holds,  that  an  important  analogy  exists  between  the  spine  and  the 
roast  of  a  ship.  Now  supposing  that  there  had  been  some  useful  lesson  obtainable 
by  comparing  the  crooked,  pliant,  every  where  moveable  spine,  with  the  straight, 
rigid,  nagularly  steadied  mast,  it  will  perhaps  appear  that  he  was  not  likely  to 
draw  it  forth,  owing  to  his  imperfect  acquaintance  with  naval  matters,  as  proved 
by  the  following  assumptions,  all  of  which  are  errors  and  yet  all  are  points  or 
parts  of  his  argument: — that  the  foremast  of  a  ship  being  very  upright,  and  far  for- 
vwd,  causes  the  veasel  to  taek  or  stay  the  better— that  the  main  and  mizen-mastd 
are  made  to  rake  or  incline  backwards,  to  diminish  the  danger  to  them  from  the 
forward  pitching  of  the  ship— that  masts  are  sprung  or  broken  chiefly  by  cominjg; 
into  conuct  with  the  deck  when  the  rigging  is  too  slack:— that  certain  boats  axe 
the  fittest  of  all  to  withstand  storms,  because  they  are  without  decks,  and  there- 
fore cannot  injure  theur  masts  in  the  way  above  alluded  to.  Our  author  must  hs^e 
been  singularly  deceived  In  some  way  with  respect  to  these  matters^  as  he  nuy 
learn  by  af^Iying  to  any  intelligent  seafiaring  man. 

Chap.  Ut^On the  €he$L  ^  /) 

To  prove  a  hitherto  concealed  perfection  here,  ha  asserts  that  the  aisstMr 
bestowed  on  the  cartUsges  of  the  ribs  is  cspable  of  MaintSJMng  r«siMi»li6l|»  ii^ 
thereby  life,  in  cases  where  the  req>lratory  mvacles  have  become  to»  srask  Ufptt" 
form  their  office  aright— just  as  if  ha  were  to  say,  that  a  spring  applied  lo  » | 
handle  would  cMtinue  to  lift  wmter»  or  at  least  would  help,  after  theifociMf'as 
were  ttted. 
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spme  particular  advantage;  but  that  mode  in  whi<^i^  for  many 
purposes^  the  greatest  effect  may  be  produced,  is  for  the  man 

Chap.  JV.^OniheLimbs. 
Having  mentioned  the  admirable  fact,  first  pointed  out  by  Borelli,  ^t  when  • 
bird  ainks  down  into  the  deeping  attitude  on  the  branch  of  a  tree,  the  bending  of 
the  Jimbi  so  tightens  the  sinews  of  the  talons,  that  the  foot  grasps  the  branch  firmly 
without  the  attention  or  muscular  exertion  of  the  animal;  he  wonders  that  a  similar 
fact  in  the  human  body  should  have  been  so  long  overlooked,  sis.  that  when  a 
fltanding  person  changes  from  the  soldier's  attitude  of  4MtterUian  to  that  ofttand  at 
easey  the  bending  of  the  knee  and  sinking  of  the  pelvis  on  one  side,  lifts  the  other 
ttde  of  the  pelvis  so  as  to  tighten  a  ligament  or  fascia  which  passes  from  it  to  the 
knee-pan  below,  and  so  keeps  the  leg  straight  without  the  fatigue  of  muscular  ex- 
ertion.  Now  this  is  altogether  an  error.  The  true  reason  why  the  strugfatened 
ieg  requires  no  muscular  support  is,  that  the  knee  falls  a  little  behind  the  general 
line  of  the  leg,  and  causes  the  strain  to  come  upon  the  posterior  ligaments  of  the 
joint  And  proving  that  there  is  no  tightened  fascia,  as  assumed,  between  the  pel-> 
.vis  and  knee-pan,  the  latter  remains  quite  loose  and  moveable— yea,  even  if  the 
distance  between  the  pelvis  and  knee-pan  be  still  further  increased  by  bending  the 
knee  whilst  standing  on  the  other  leg. 

Chap.  Y.'—On  the  Cordage  or  Tendoiu, 
In  the  attempt  to  prove  the  tendons  to  be  constructed  with  consummate  skm,  he 
has  accumulated  many  errors.  Setting  out  from  the  known  fact  that  when  a 
broken  rope  is  spliced,  that  is  to  say,  has  its  ends  again  united  by  being  interwoven 
with  each  other,  it  rarely  breaks  a  second  time  at  the  junction;  but,  not  adverting 
apparently  to  the  circumstance  of  the  rope  at  that  part  being  double,  1st,  he  as- 
sumes,  as  a  general  truth,  that  plaited  ropes  are  stronger  then  twisted  ropea~con- 
trary  to  the  fact,  as  is  known  to  every  rope-maker;  for,  what  then  prevents  their 
plaiting  aO  their  ropes  instead  of  twining  them?  2d,  He  next  assumes  that  the 
fibres  of  the  tendons  are  interwoven  or  plaited,  because  thereby  stronger:— the 
lact  being,  however,  that  they  are  parallel,  although,  when  torn  asunder  laterally, 
k  remaining  adhesion  at  a  few  points  may  give  the  appearance  of  crossing  fibres, 
dd.  He  seems  not  to  have  been  aware  that  a  rope,  whether  plaited  or  spliced,  will 
bear  much  less  weight  than  its  constituent  fibres  loaded  singly— the  reason  being, 
that  in  no  rope  can  the  tension  of  the  fibres  be  made  so  equal  that  each  shall  bear 
iks  exact  share  of  the  load.  Plaiting  and  twisting  therefore  are  defects,  and  are 
"Ibrced  upon  men  only  because  the  fibres  of  which  ropes  are  composed  are  shorter 
than  the  ropes,  and  must  be  made  to  cohere,  either  by  being  knotted  together  or 
by  the  lateral  friction  of  plaiting  or  twisting.  The  chains  or  wires  of  a  suspension- 
bridge,  which  reach  from  end  to  end,  are  neither  plaited  nor  twisted  together, 
^^^ytslrwoald  much  weaken  them,  but  are  merely  secured  in  parallel  contact,  as 
*1li6  Jtrei  of  long  animal  tendons  also  truly  are. 

-'  ^milt  tMatiae,  which  we  have  been  obliged  thus  to  criticise,  we  believe  was  has- 
-l^r^i^ttVn,  and  that  the  plan  was  changed  more  than  bnce  in  its  progress.  This 
*VOI  teeoant  for  its  being  so  little  like  Ihe  valuable  other  works  from  the  wimt, 
source. 


iiSb  ASaUAL  AVD 

tA  carry  up  to  a  height  his  body  only^  and  then  to  let  it  worisi' 
by  its  weight  in  descending.     A  bricklayer's  labourer  would 

JVoietotke  Third  JSdUum. 

*I  miroduoed  tbe  Ibregoiag  note  raiuctantly*  for  I  knew  tfao  treatise  eKamitted  to 
be  from  the  pen  of  Mr.  -Charlee  BelL  It  would  have  given  me  much  pleaaure  to 
have  had  mther  to  speak  of  his  high  professiooal  merits,  or  of  some  acts  of  pro* 
fe^iooMl  charity  which  at  my  request  he  had  performed,  not  less  honourably  to 
ins  geberosify  than  to  hn  skill,  i  had  tried  to  avoid  the  necessity,  first,  by  tellio^g^ 
Aim  of  the  errors,  with  a  view  to  correctioD  in  subsequent  editions  of  his  work  i 
and  afterwards,  when  during  his  abeetice  from  town  it  was  published  without  alte^ 
nation,  by  representing  the  matter  to  a  leading  member  of  the  Saeiatf  for  Me 
DiJfU9i<m  tf  Vieful  Showledge.  This  gentleman  deemed  it  necessary  for  me  to 
publish  my  note.  From  the  resemblance  of  the  treatise  to  parts  of  my  work, 
msny  persons  believed  it  to  be  mine,  and  it  was  bound  up  with  my  volume.  I 
was  accordingly  blamed  for  the  errors  by  those  who  discovered  them;  or  believe^ 
to  sanction  the  opinions  by  those  who  did  not;  and  by  some  who  knew  it  to  be 
Mr.  Bell's,  and  believed  it  faultless,  the  differences  between  it  and  mine  were 
thought  defects  in  mine.  By  allowing  it  then  to  remain  uncorrected  and  unnoti- 
ced, I  should  have  allowed  error  extensively  to  prevail  on  subjects  which  I  pro- 
fessed to  explain,  and  I  should  probably  have  narrowed  the  circulation  and  utility 
of  my  own  work.  1  he  errors  would  have  been  grave,  coming  from  a  professed 
writer  on  physics,  while  they  were  comparatively  veniiil,  appearing  as  they  did; 
for  the  attentive  study  of  physics  had  not  yet  been  insisted  upon  in  our  systems' of 
professional  education.  Had  Mr.  Bell  spoken  to  me  on  the  subject  wliile  writing 
bis  essay,  my  future  notice  of  it  would  probably  have  been  unnecessary:  and  th^ 
opportunity  for  so  speaking  Was  given,  as  a  copy  of  my  work,  which  he  had  done 
me  the  honour  to  accept,  lay  upon  his  table,  and  at  some  of  my  vii»its,  had  beeil 
the  subject  of  conversation  to  us. 

Mr.  Bell  could  not  desire  to  mislead  the  public,  and  therefore  could  not  regret 
that  any  published  error  of  his  should  be  corrected.  Some  friend  of  his,  however, 
has  taken  offence  at  the  above  criticism,  as  appears  by  the  eighth  number  of  the 
**  Medical  Gazette;**  and  has  hoped  to  serve  Mr.  Bell,  not  by  disproving  the  al- 
leged errors,  for  he  does  not  even  touch  upon  them,  but  by  charging  the  author  of 
the  •*  Elements  of  Physics,**  with  "  ignorance,"—**  utter  incapacity," — "  being 
a  dangerous  guide,*'  &c.  on  the  strength  of  what  he  supposes  tliree  faults,  disco- 
vered by  him  in  other  parts  of  that  work.  As  his  skill  in  physics,  however, 
seems  not  to  have  enabled  him  to  perceive  error  where  it  was,  the  fact  of 
his  supposing  error  where  it  was  not,  need  not  surprise.  Accordingly  the  three 
portions  of  the  wotk  deemed  erroneous  by  him,  viz.  the  illustration  of  the  strength 
of  the  scapula,  at  p.  213,  and  the  proposals  of  the  Dilator  and  Pneumatic  Trae* 
ipr,  in  the  last  section,  are  such  as  I  should  be  pleased  to  have  accounted  eveii 
favourable  samples,  and  tests  of  my  fimcss  for  the  imdertaking.  I  am  happy  to  have 
to  state,  that  the  suspicion  that  Mr.  Bell  himself  wss  the  author  of  the  attack,  la 
quite  unfounded ;  for  he  vnrote  to  me  on  the  subject,  saying,  **the  only  thing  I  am  anx* 
iooa  about  is  that  you  ihould  not  auppoae  I  have  avthoriied  the  coa&tar-«tatenietf  ts.** 
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be;tble  1o  lift  twice  as  many  bridn  to  the  top«af  a  hoaae  in^litt 
cottne  of  aday^  by  aacendfng  the  ladder  without  a  ioad  soA 
raising  bricks  of  nearly  his  own  weight  over  a  pulley  eadi  time 
in  descending,  as  he  can  by  carrying  brieks  and  himself  up  to- 
gether/and  -deseending  again  without  a  load,- as  is  still  usually 
done. 

Reflection  wouM  naturatly  anticipate  the  above  result,  inde- 
pendently of  experitnent,  iCbr  the  load  wbieh  a  man  should  be 


The  same  defender  of  Mr.  Bell  explains  tlie  strong  resemblance  between  "Mr. 
B's.  work  and  mine  (which  led  to  the.  charge  of  plagiatwm  in  the  laneei,)  by  nj* 
mg  that  1  had  taken  the  whole  horn  previous  works  of  his.  Jfm  is  oearly  as  if  • 
friend  of  any  English  lexicographer  should  char^  all  who  wrile  English  with  co- 
pymg  from  hb  friend's  Dictionary;  and  even  if  they  had  used  some  other.  It  was 
not  from  Mr.  Bell's  book  of  Anatomy  that  I  had  studied  the  structure  of  the  hu- 
man body;  and  m  the  present  tostanee  1  read  from  the  skeletou  atone.  There  u 
na  remaxk  in  the  few  pages  of  my  woik  which  hiive  so  unefQMcjtediy  to  me  be« 
ctmie  thus  matter  of  discussion,  which  should  not  occur  to  almost  any  person 
versed  in  .physics,  while  contemplating  the  human  skeleton  The  originality  of 
my  essay  was  in  the  '«ekction,  condensation,  and  arrangement,  under  the  title 
(which  I  beKeve  was  Aew)  of  Animal  JileehanioB  of  some  of  the  most  obvious 
aaatonucal  facts,  and  m  refwring  these  to  the  physical  laws  which  it  was  the  oh> 
ject  of  my  volume  to  unfold.  That  Mr.  Bell  soon  after  ahould  have  come  so  near 
me  in  these  respects,  I  consider  a  commendation  of  my  work,  and  his  claiming 
originality  for  bis  own,  and  not  mentioning  in  his  list  of  previoos  writings  on  the 
BQbject,-raine,*whieh  contained  the  stuhatanoe  of  his,  excapt  the  .errorB,  may  ha.vc 
been^wiiig  to  the  hnxry  with  which  his  was  printed,  or  to  his  thinkmg  the  matter^ 
as  in  trutli  itis,  of  trifltiig  importance. 

The  same  writer  further  charges  it  against  me,  that  my  reflections  on  the  spine 
and  its  diseases,  which  have  been  copied  from  my  work  into  many  of  the  periodi- 
cals, are  an  abalMCt,  usaokiM>wl6dg«d,  of  the  late  Mr.  John  Shaw's  work  on  the 
aubjeet.  I  should  be  pleased  to  think  that  in  my  four  paragraphs  on  spinal  dis- 
eases, I  had  so  happily  accomplished,  as  this  censure  would  imply,  the  object  aim- 
ed at  throughout  my  volume,  of  condensing  useful  matter;  but  \he  fact  is,  that  the 
paragraphs  in  question  are  very  nearly  the  substance  of  my  remarks  habttuaUy  gi* 
ven  to patientaimder s]»ine  disease,  before  Mr.  Shaw's  wonk  appeared.  My  re- 
ipect  for  Mr.  Bell  had  lad  me,  from  hearing  it  reported  by  others,  that  he  descanj> 
ed  ingeniously  on  the  anatomy  of  the  skull,  to  find  room,  where  fe^  names  ap- 
peared, for  a  special  commendation  of  his  labours;  and  had  I  felt  myseff  called 
upon,  I  should  not  have  been  behind  in  -regard  td  Afr.  Shaw,  for  whon>,  in  com- 
mon with -all  who  knew  him,  ;I  feltjnncb  segaid.  Mr.  fihaw  bad  knt  me  the  ske- 
UtoB  fy<m  wblcfa  in  Ihe  ceorae  pf  JLecturesj  of  which  the  present  volupae  re- 
cords a  part,  I^gaye  my  demonstriitJQpa;  and  which  lectures  be,  with  some  of  Mr. 
Bell's  and  hit  pupUSy  did  me  the  honour  to  attend. 
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Ifeet  able  to  carry,  is  surely  that  from  which  be  can  never  free 
bimselfy-^the  load  of  his  own  body.  Accordin^y  the  strength 
of  muscles  and  disposition  of  parts  are  all  such  as  to  make  bis. 
body  appear  light  to  him. 

The  question  which  was  agitated  with  such  warmth  some 
time  ago,  as  to  the  propriety  of  making  men  and  women  work 
on  the  tread-mill,  receives  an  easy  decision  here.  They  work 
by  climbing  on  the  outside  of  a  large  wheel  or  cylinder,  which 
is  turning  by  their  weighty  and  on  which  they  must  advance 
just  as  fast  as  it  turns,  to  avoid  falling  from  their  proper  situa- 
tion. There  are  projections  or  steps  for  the  feet,  on  the  outside 
of  the  cylinder,  and  the  action  to  the  workers  is  exactly  that  of 
ascending  an  acclivity.  Now  as  nature  has  fitted  the  human 
body  for  climbing  hills  as  well  as  for  walking  on  plains,  the 
work  of  the  tread-mill,  under  proper  restrictions  as  to  duration 
must  be  as  natural  and  healthful  as  any  other. — Its  effects'  have 
DOW  proved  it  to  be  so. 

As  animal  power  is  exhausted  exactly  in  proportion  to  the 
time  during  which  it  is  acting,  as  well  as  in  proportion  to  the 
intensity  of  force  exerted,  there  may  often  be  a  great  saving  of 
it  by  doing  work  quickly,  although  with  a  little  more  exertion 
during,  the  time.  Suppose  two  men  of  equal  weight  to  ascend 
the  same  stair,  one  of  whom  takes  only  a  minute  to  reach  the 
top,  and  the  other  takes  four  minutes,  it  will  cost  the  first  but  a 
little  more  than  a  fourth  part  of  the  fatigue  which  it  costs  the 
second,  because  the  exhaustion  has  relation  to  the  time  during 
which  the  muscles  are  acting.  The  quick  mover  may  have  ex- 
erted, perhaps,  one-twentieth  more  force  in  the  first  instant,  to 
give  his  body  the  greater  velocity  which  was  afterwards  contin^ 
ued,  but  the  sloth  supported  his  load  four  times  as  long. 

A  healthy  man  will  run  rapidly  up  a  long  stair,  and  bi& 
breathing  will  scarcely  be  quickened  at  the  top;  but  if  he  walk 
up  slowly,  his  legs  will  feel  fatigued,  and  he  will  have  to  wait 
9ome  time  before  he  can  speak  calmly* 

For  the  same  reason  coach-horses  are  much  q>ared  by  being, 
made  to  gallop  up  a  short  hill,  and  being  then  allowed  to  ffx 
more  slowly  for  a  little  time^  so  as  to  rest  at  the  top. 
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The  rapid  waste  of  mucular  strength  which  arises  from  coh** 
tinued  aetiotiy  is  shown  by  keeping  the  arm  extended  horizon- 
tally for  some  time:  few  can  continue  the  exertion  beyond  a 
minute  or  two.  In  animals  which  hare  long  horizontal  necks, 
there  is  a  provision  of  nature  in  a  strong  elastic  substance  on  the 
back  or  upper  part  of  the  neck,  which  nearly  supports  the  head 
independently  of  muscular  exertion. 

In  illustration  of  the  fact  that  strength  is  saved  in  many  cases^ 
by  doing  work  quickly,  we  may  recall  the  circumstance  explain- 
ed at  page  105,  that  a  body  thrown  or  shot  upwards  with  double 
velocity,  rises  four  times  as  far  as  it  does  with  a  single  velocity,- 
or  half  of  the  other. 

^*  Instruments.^* 

The  following  remarks  regard  some  instruments  used  by  medical 
men,  and  whi(^  range  under  the  present  division  of  the  gen* 
eral  subject. 

7%c  Obstetric  forceps. — ^As  the  blades  beyond  the  joint  or 
fulcrum  are  longer  than  the  handles,  the  pressure  on  the  head 
included  in  them,  is  less  than  that  exerted  by  the  hand  that  uses 
them,  but  its  degree  should  always  be  kept  present  to  the  mind 
of  the  operator. 

T%e  vectiSf  or  lever  used  instead  of  the  forceps  just  mention- 
ed, is  a  very  dangerous  instrument  in  unskilful  hands.  In  fact^ 
whenever  it  is  used  as  a  lever,  in  the  common  acceptation  of  the 
term,  it  is  a  piece  of  unskilful  cruelty,  tf  we  suppose  any  part 
of  the  pelvis  to  be  made  the  fulcrum  of  this  lever,  the  soft  parts 
between  the  bone  and  the  instrument  are  bruised  not  only  with 
the  whole  force  of  the  hand,  but  with  twice  or  three  times  as 
much,  if  the  resistance  be  so  much  nearer  to  the  fulcrum  than 
to  the  hand.  The  instrument  is  only  safely  used,  when  the 
operator  makes  one  of  his  hands  the  fulcrum,  and  uses  the  other 
as  the  power,  or  makes  one  hand  answer  both  purposes  ;  and 
then  there  is  a  resemblance  between  the  action  of  the  vectis 
jtnd  of  a  hook. 

The  Levator i  or  lever  for  raising  the  broken  and  depressed 
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Itortioa  of  the  skull  m  trepanniog^lita  a  joinU^  <falcniiD  attadbed 
tait-  Oare  ^ould  be.  takeo  to  place  thia  fulerum  where  it* 
prtflsure  eannot  be  iojurious. 

The  circular  or  crown  sata  of  the  trephine,  should  be  work-* 
ed  with  a  quick  motion  and  gentle  pressure^  for  ihe  reason  given 
at  page  178^  when  treating  of  cutting  inaUrmnents.  The  object 
is  thereby  sooner  and  better  attainedt^  and  the  head  of  the  patient 
is  less  shaken. 

For  the  same  reason^  there  is  less  jarring  and  an  easier 
division  of  the  bone  in  amputatioi^,  wlien  a  li^t  and  qoiok 
motion  of  the  straight  saw  is  used* 

In  using  the  amputation  knife,  the  speed,  neatness,  and  sue«> 
cess  of  the  operation,  are  all  favoured  by  blending  the  drawing 
or  saw  motion  of  the  kriife^  with  the  pressure  towards  the  bone. 

These  last  observations  are  of  a  hundred  similar,  which  might 
be  made  to  prove  the  vital  importance  to  a  surgeon  of  having 
fkmiliarity  with  the  use  of  tools  or  instruments.  Perhaps  a  per* 
son  cannot  better  acquire  this  than  by  practising,  while  young 
some  amuaiog  work  df  carpentry.  Manual  dexterity,  and  a 
fitde  readiness  at  mechanical  contrivance,  so  firequently  prove 
of  importance  to  persons  in  all  statioDS>  that  a  great  defect  in 
systems  of  general  education  is  the  not  cultivating  them  with* 
greater  attention.  If  a  handless  or  awkward  man  embrace  the 
medical  profession,  and  unfortunately  attempt  to  practise  surgery 
or  midwifery,  although  possessed  of  brilliant  intellect»  he  will 
very  often  fail  where  another  would  succeed. 

The  Tooth  Key  is  an  instrument  found  in  the  hands  of  moat 
persons  who  pretend  even  to  the  lowest  degree  of  skill  in  the 
healing  art:  and  there  is  perhaps  scarcely  a  day  passing,  in  which 
teeth  are  not  broken  and  jaws  aplintered^  and  gums  bruised 
even  to  sloughing,  by  the  unskilful  pr  awkward  use  of  it  The 
common  tooth  key  may  be  regarded  in  the  ligbtof  a  wheel  and 
axle;  the  hand  of  the  operator  acting  on  two  spokes  of  the  wheel 
to  move  it,  while  the  tooth  is  fixed  to  the  axle  by  the  claw,  aa4 
is  drawn  out  as  the  axle  turns.  The  gum  and  alveolar  procesa 
of  the  jaw,  form  the  support  on  which  the  axle  rolls.  The  com 
mon  err(M*s  in  tooth-<)rawing  by  the  H^&y^  ^re  these : 
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list.  Turning  the  key  towards  that  aide,  where  the  adjoiaing 
teeth  are  so  close  that  the  tooth  to  be  drawn  cannot  pass,  witli^ 
out  either  breaking  one  of  them,  or  being  broken  itself.  Some> 
times  two  teeth  are  thus  moved  instead  of  one. 

2d.  Negfecting  the  natural  inclination  of  the  tooth.  By  wind- 
ing the  tooth  round  in  the  direction  in  which  it  already  inclines, 
and  in  acc<»*dance  with  a  bend  which  is  generally  found  in  it, 
the  operation  is  easy  and  safe;  but  if  it  be  drawn  in  the  opposite 
way,  it  not  unfrequently  breaks  or  splinters  the  part  of  the  jaw- 
b6ne  in  which  it  sticks. 

3d.  If  the  tooth-claw  be  blunt,  its  point  may  slip  upon  the 
tooth,  so  as  to  produce  an  action  which  is  very  apt  to  break  the 
tooth. 

4th.  Unless  the  axle  or  fulcrum  of  the  key  be  made  to  rest 
as  evenly  as  possible  on  the  gum,  it  will  tear  or  very  mudi  in- 
jure the  gum.  It  should  rest,  if  possible,  over  the  part  of  the 
bone  in  which  the  tooth  is  set,  for  otherwise — as  when  a  back 
tooth  is  drawn  with  the  instrument  resting  on  a  part  considerably 
anterior  to  it — ^the  twist  produced  is  painful,  and  there  is  danger 
of  Sfdintering. 

A  man  whose  studies  or  reflection  have  sugj^ested  these  re- 
marks, and  who  then  operates  leisurely  a  few  times  on  the  dead 
sulgect,  will  often  be  able  to  give  instant  and  safe  relief  to  most 
intense  suflering.  And  it  is  hardly  excusable  in  any  medieal 
man  who  may  be  placed  where  a  dentist  cannot  be  procured,  to 
neglect  acquiring  a  talent  so  easy. 

Some  dentists  pull  teeth  directly  out  by  a  strong  forceps 
made  for  the  purpose;  others  use  a  forceps  in  the  manner  of  the 
tooth-  key,  by  resting  one  side  of  it  on  the  gum  as  a  fulcrum* 
In  this  case  the  resting  side  is  formed  like  the  bolster  of  a  tooth 
key.  But  much  more  in  all  cases  depends  on  the  dexterity  of 
theoperator  than  on  the  form  of  the  instrument. 

Steel  T\m9aea  far  ruptures  ^are  one  of  the  -blessings  io 
sofiering  humanity,  which  modern  ingenuity  has  supplied. 
From  the  unhealthy  employ4Dlents  of  some  men  in  society,  and 
the-early  .'dissipation  or  unnatural  modes  of.life  of  ^other%  debi* 
litated  constitutious  are  frequent,  and  are  often  transmitted  io 
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ofispring;  and  one  of  the  lamentable  effects  is  that  weakness  of 
the  flesh  forming  the  sides  of  cavities^  which  at  particular  points 
allows  the  protrusion  of  the  living  parts  from  within^  so  as  to 
form  tumours  under  the  skin.  The  occurrence  is  called  hernia 
or  rupture:  the  most  common  hernia  is  that  of  the  intestines, 
through  the  groins. 

Formerly  this  occurrence  disabled  for  life.  A  man  who  had 
hernia  was  discharged  from  the  army  or  navy;  he  could  not 
ride  on  horsebacki  or  take  usual  exercise;  he  could  not  lift  a 
weight,  and  in  a  word,  he  often  became  a  miserable  burden  to 
himself  and  others.  Now,  by  fitting  the  pad  of  a  good  steel 
truss  to  the  part,  the  rupture  is  as  perfectly  restrained,  as  if  the 
hand  of  a  skilful  surgeon  were  constantly  there.  The  truss 
may  be  put  on  and  off,  with  as  little  reflection  or  trouble  as 
a  part  of  the  ordinary  dress,  and  the  man  becomes  again  al«> 
most  as  fit  for  all  the  duties  of  life  as  if  he  were  without  his  ail* 
roent 

The  old  form  of  the  steel  truss  was  that  of  a  half  or  three-^ 
quarter  hoop,  so  bent  and  tempered,  that  when  put  upon  the 
patient,  one  end,  which  had  a  pad  upon  it,  pressed  with  a  given 
force  on  the  opening  by  which  the  rupture  protruded.  The  de* 
fects  in  this  kind  of  truss  are,  the  difficulty  of  making  it  to  fit 
exactly;  its  being  rather  troublesome  to  put  on  and  off;  and  its 
pressing  disagreeably  all  round  the  body. 

The  other  kind  of  truss,  free  from  these  defects,  consists  of  a 
little  more  than  half  a  hoop,  with  a  pad  at  each  end:  one  of  the 
pads  supports  the  weakness,  and  the  other  rests  upon  the  cen- 
tre of  the  back,  to  bear  all  the  strain  there,  while  the  hoop  it- 
self reposes  loosely  on  the  side  of  the  body.  This  truss  may 
be  called  self-adjusting,  for  it  almost  falls  into  its  place  of  itself, 
and  needs  no  fastenings;  the  same  truss  fits  all  persons  of  one 
size,  whatever  their  shape;  and  the  strength  may  be  adjusted  by 
changing  the  number  of  plates  in  the  tqprtng-hoop. 

ToumiquetSj  crutches^  splintSf  ^*c.  ire.  are  so  simple  in  all 
respects  as  not  to  merit  special  notice  here* 

This  section  contains  some  of  the  reflections  which  occur  to 
a  persoiir&miliar  with  mechanical  philosophy,  in  contemplating 
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the  human  skeleton;  and  the  more  complete  such  a  person's 
knowledge  is  of  anatomy,  physiology,  surgery,  and  medicine, 
the  more  numerous  will  be  the  professional  objects  on  which 
this  philosophy -will  shed  a  light  dissipating  doubt  and  error. 
The  author  has  not  entered  into  more  minute  detail,  because 
it  would  have  been  encroaching  upon  the  office  of  the  teachers 
of  particular  departments,  and  because  he  thinks  that  any  one 
who  is  not  enabled,  by  the  examples  here  given,  to  make  the 
applications  of  the  general  laws  to  all  possible  cases,  may  ac- 
count the  study  of  the  healing  art  unsuited  to  the  faculties  with 
which  he  is  endowed. 
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PART    III. 

THE  DOCTRINE  OF  FLUIDS.     (Read  the  synopsis,  page  41.) 


SECTION  I— HYDROSTATICS. 


▲NALYBIf  OF  THE  8XCTI017. 

TheparHeles  m  a  fluid  mats  are  freely  moveable  among  each  other,  so  as  to 
yield  to  the  least  disturbing  force.    Hence: 

1.  In  fluid  submitted  to  compression,  the  whole  mass  is  equally  ajfkcted^  and  the 
congestion  operates  in  all  directions.-'^  gioen  pressure,  for  instance,  made 
by  a  plug  forced  irwoards  upon  a  square  inch  qfthe  surface  cf  a  fluid  confined 
in  a  vessel,  is  suddenly  communicated  to  every  square  inch  of  the  vessel's  sur- 
face, however  large,  and  to  every  inch  of  the  surface  of  any  body  immersed  in 
ihefluid, 

2.  i^  any  fluid,  the  particles  that  are  below  bear  the  weight  of  those  that  are 
above,  and  there  is,  therefore,  a  pressure  within  the  mass,  increasing  exactly 
with  the  perpendicular  depth  and  not  inflisenced  by  the  size,  or  shogpe,  or  post' 
tion  of  the  containing  vessel. 

8.  The  open  surface  of  a  fluid  is  level;  and  if  various  p^s  or  vessels  communi' 
eate  with  each  other,  any  fluid  admitted  to  them  will  rise  to  the  same  level 
in  all. 

4.  Ji  body  immersed  in  a  fluid  displAes  exactly  its  own  bulk  of  it,  which  quantity 
having  been  just  supported  by  the  flmd  around,  the  body  is  pressed  upward 
with  force  exactly  equal  to  the  weight  of  the  fluid  displaced,  and  must  sinkor 
swim  according  as  its  oum  tveight  is  greater  or  less  than  this.  By  conq^aring 
iherrfore  the  weight  of  a  body  with  the  force  which  holds  it  up  in  a  fluid 
(which  is  the  weight  of  its  bulk  qf  that  fluid,)  the  comparative  weights,  or  the 
epecifie  gravities,  are  found. 

''Fluid.'' 

It  was  explained  in  the  first  part,  that  the  same  atoms  may 
exist  in  the  form  of  a  solid  or  of  a  fluid;  and  as  a  fluid,  they  may 
either  constitutes  dense  liquid  like  water,  or  a  light  elastic  mass 
like  air.  A  pound  of  ice,  or  a  pound  of  water,  or  a  pound  of  steam, 
differ  only  in  the  particles  being  more  or  less  distant  from  each 
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other,  owing  to  the  diflferent  quantities  of  heat  among  them.  In 
the  ice,  they  are  comparatively  near,  and  are  held  together  by  at- 
traction, as  if  they  were  spitted  or  glued  to  each  other;  in  the 
water,  the  repulsion  of  heat  seems  just  to  balance  attraction,  and 
to  leave  the  particles  at  perfect  liberty  to  glide  about  among 
each  other  almost  without  friction;  and  in  the  steam,  the  repul- 
sion overcomes  the  attraction  completely,  and  the  particles  se- 
parate to  a  great  distance,  as  if  held  apart  by  some  bulky  elastic 
medium.  There  are  a  few  exceptions  to  this  simple  and  satis- 
factory explanation  of  so  many  phenomena;  such,  for  instance, 
as  that  water  in  cooling  down  from  forty  degrees  to  the  freezing 
point,  increases  in  volume,  instead  of  contracting,  like  things  in 
genera],  and  like  itself  in  cooling  at  other  temperatures — and 
that  baked  clay,  in  proportion  as  it  is  more  heated,  contracts  in- 
stead of  dilating. 

Whether  matter  be  in  the  solid  or  fluid  form,  the  properties 
of  the  individual  atoms  remain  unchanged,  that  is,  the  atoms 
always  exist  in  accordance  with  the  four  general  truths;  but  as, 
in  the  chapter  on  mechanics,  we  found  so  many  important  mo- 
difications of  effect  produced  by  the  circumstance  of  the  attrac- 
tion being  in  the  degree  which  produces  solid  cohesion  among 
the  particles,  in  this  chapter  on  fluids  we  shall  find  as  many  im- 
portant results  springing  from  the  circumstance  of  non-cohesion 
or  fluidity. 

In  a  liquid  the  particles  although  comparatively  near  to  each 
other,  seem  not  to  be  in  actual  contact;  for  the  mass  may 
be  condensed  indefinitely  by  pressure.  The  force  required, 
however,  to  change  the  volume  of  a  liquid  in  any  sensible  de- 
gree, is  so  great,  that  until  the  improved  means  of  experiment 
contrived  very  recently,  liquids  were  accounted  absolutely  in-  ' 
compressible.  In  aeriform  fluids,  on  the  contrary,  each  particle, 
under  common  circumstances,  has  about  two  thousand  times  as 
much  space  to  itself  as  when  forming  part  of  a  liquid  or  solid; 
and  hence  it  is  that  these  fluids  are  so  extensively  compressible 
and  dilatable,  or  elastic,  as  they  are  called.  On  account  of  this 
elasticity,  they  exhibit  so  many  important  phenomena,  in  addi- 
tion to  those  of  mere  fluidity,  that  the  consideration  of  them  re- 
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qaires  to  be  gone  into  apart,  and  forms  tiie  branch  of  the  subject 
called  Pneumatics. 

**  In  a  quantity  of  fluid  submitted  to  compressiouj  the  effect 
is  equa,lly  diffused  throughout  the  tohole^  and  similarly 
in  all  directions.  A  given  pressure,  therefore^  made  upon 
an  inch  cf  the  surface  of  a  fluid  confined  in  a  vessel^  as 
by  a  plug  forced  inwards,  is  suddenly  felt  or  borne  by 
every  inch  of  the  surface  of  the  vessel,  however  large, 
and  by  every  inch  of  the  surface  qfany  body  immersed  in 
the  fluid.'' 

This  truth  is  of  great  importance,  both  from  its  explaining  so 
many  remarkable  phenomena  of  nature,  and  from  the  useful  ap- 
plications of  it  in  the  construction  of  machinery. 

When  a  man  compresses  in  his  hand  a  bladder  full  of  air,.!  e 
readily  conceives  that  the  air  is  not  at  all  more  compressed  im* 
mediately  under  his  fingers,  than  in  every  other  part  of  the 
bladder;  and  of  course  that  every  part  of  the  bladder's  surface 
must  be  pressing  the  air  as  much  as  those  parts  on  which  his 
fingers  rest,  and  must  be  bearing  a  re-action  or  resistance  of  the 
air  in  an  equal  degree:  and  that  every  single  particle  of  air  must 
be  acted  upon  on  every  side,  so  that  if  a  small  openbg  be  made 
any  where  in  the  bladder,  the  air  will  issue  from  it  with  equal 
readiness.  This  is  in  accordance  with  the  characteristic  of  flu- 
idity, "  that  the  particles  glide  about  among  each  other  almost 
without  friction,  so  that  a  particle  can  never  be  at  rest  unless 
when  equally  pressed  in  all  directions.'' 
In  like  manner,  if  a  close  vessel  B  be  filled  with  water,  and 
into  the  top  of  it  a  tube  a  c  be  screwed, 
and  if  then,  by  means  of  a  cork  or  movea- 
ble plug  in  the  tube  at  c,  the  surface  of  the 
water  in  the  vessel  be  pressed  upon  with  a 
force  of  one  pound,  the  water  throughout 
the  whole  will  be  condensed  in  proportion 
to  the  pressure,  and  every  other  portion  of 
the  vessel  B,  of  equal  surface  with  c,  will 
be  keeping  up  the  condensation  just  as 
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much  as  Cj  and  will  be  bearing  the  resistance  or  elasticity  of  the 
water  to  the  extent  of  one  pound.  And  if  there  were  another 
similar  tube  b,  also  with  a  plug,  screwed  into  the  top  of  the  box 
B,  the  force  of  one  pound  depressing  the  plug  c  would  push  up 
the  plug  b  with  the  same  force:  and  if  there  were  many  other 
similar  tubes  and  plugs,  by  acting  on  one,  all  would  be  equal- 
ly affected;  and  a  plug  or  piston  of  double  size  would  be  twice 
as  much  affected  as  the  smaller  one;  and  a  plug  dy  of  ,ten  times 
the  size,  would  be  lifted  with  a  force  of  ten  pounds.  Henqe 
it  appears  that,  through  the  medium  of  confined  fluid,  a  force 
of  one  pound,  acting  upon  an  inch  square  of  the  fluid  surface  in 
a  vessel,  may  become  a  bursting  force  of  ten  or  a  hundred  or  a 
thoasand  pounds,  according  to  the  size  of  the  vessel,  or  may  be 
used  as  a  mechanical  power  to  overcome  a  force  much  more  in- 
tense than  itself. 

If  in  the  above  figure  the  tube  a  were  just  such  as  to  contain 
one  pound  of  water,  the  plug  c  might  be  withdrawn  from  it, 
and  the  tube  being  then  filled  with  water,  the  same  pressure  or 
condensation  would  take  place  in  the  box  B  as  when  the  plug 
was  pressed  with  the  force  of  one  pound;  and  of  course  exactly 
the  same  effects  would  follow  on  the  sides  of  the  vessel  and  on 
the  other  pistons;  and  if  in  the  other  tubes  also,  water  were  sub- 
stituted for  the  pistons,  it  is  evident  that/  to  balance,  it  would 
require  to  stand  as  high  in  them  as  in  the  tube  a  c,  producing 
the  same  level  in  all,  whatever  their  size. 

The  fact  that  the  weight  of  one  pound  of  water  may  be  made 
through  the  medium  of  extended  fluid  to  produce  a  pressure  of 
hundreds  or  of  thousands  of  pounds,  has  been  called  the  hydro- 
static paradox;  yet  there  is  nothing  in  reality  more  paradoxical 
in  it  than  that  one  pound  at  the  long  end  of  the  lever  should  ba- 
lance ten  pounds  at  the  short  end:  indeed  it  is  but  another 
means,  like  the  contrivances  called  mechanical  powers,  described 
in  the  last  chapter,  of  balancing  different  intensities  of  force,  by 
applying  them  to  parts  of  an  apparatus  which  move  with  differ- 
ent velocities.  Hence  the  tube  a  being  ten  times  smaller  than 
the  tube  0,  the  piston  in  a  must  descend  ten  inches  to  raise  the 
greater  piston  in  e  one  inch. 
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This  law  of  fluid  pressure  is  rendered  very  striking  in  the 
experiment  of  bursting  a  strong  cask  by  the  weight  or  action  of 
a  few  ounces  of  water.  Suppose  a  cask  a  already 
filled  with  water,  and  that  a  long  small  tube  b  c 
is  screwed  tightly  into  its  top,  which  tube  will 
contain  only  a  few  ounces  of  water;  by  pouring 
these  few  ounces  into  the  tube,  the  cask  will  be 
burst  In  explanation  of  this,  it  is  unnecessary  to 
say  more  than  that  if  the  tube  have  an  area  of  a  for- 
tieth of  an  inch,  and  contain,  when  filled,  half  a 
e  pound  of  water,  this  produces  a  pressure  of  half  a 
pound  upon  every  fortieth  of  an  inch  all  over  the 
interior  of  the  cask;  which  is  more  than  a  com- 
^    mon  cask  can  bear. 

The  same  effect  is  seen  in  what  is  called  the  hydrostatic 
bellows.  It  consists  of  a  long  small  tube  a  i,  into  which  water 
is  poured  to  enter  the  body  of  the  apparatus 
at  £7,  which  resembles  the  common  bellows, 
in  having  wooden  boards  above  and  below, 
and  strong  leather  connecting  them.  If  the 
tube  a  b  holds  an  ounce  of  water,  and  has 
itself  only  one-thousandth  of  the  area  of  the 
top  of  the  bellows,  an  ounce  of  water  in  the 
tube  will  balance  weights  of  a  thousand 
ounces  placed  on  the  top  of  the  bellows  at  d. 
If  mercury  were  substituted  in  this  machine 
for  water,  the  effect  would  be  fourteen 
times  greater,  because  mercury  is  fourteen 
times  heavier  in  the  same  bulk:  and  if  a  man  stand  on  a  large 
bellows,  he  may  raise  himself  by  blowing  into  the  tube  with 
his  mouth. 

Mr.  Bramah  applied  this  property  of  fluids  in  the  construc- 
tion of  his  singularly  powerful  and  useful  hydraulic  press:  in 
which  he  merely  substituted  a  strong  forcing  pump  for  the  lofty 
tube  of  the  bellows,  and  a  barrel  and  piston  for  the  leather  and 
boards.     It  consists,  then,  of  a  abort  and  very  strong  pump^^ 
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barrel  a  6,  (shown  here  in  section) 


with  a  solid  piston  c  of  proportionate 
strength,  which  piston  is  pushed 
against  the  thing  to  be  compressed, 
by  water  driven  into  the  barrel  be* 
neath,  at  /,  from  the  small  pump  e.  If  the  small  pump  have 
only  one-thousandth  of  the  area  of  the  large  barrel,  and  if  a  man, 
by  means  of  its  lever  handle  d^  press  its  piston  down  with  a  force 
of  five  hundred  pounds,  the  great  piston  will  rise  with  a  force 
of  one«thousand  times  five  hundred  pounds,  or  more  than  two 
hundred  tons.  Scarcely  any  substance  can  withstand  the  power 
of  such  a  presSy  whether  used  to  condense,  to  raise  great  weights, 
or  to  tear  Uiings  asunder  against  the  most  powerful  resistance. 
The  Dilator  is  a  surgical  instrument  of  extensive  application, 
of  which  the  action  depends  on  the  principle  of  the  communica- 
tion of  fluid  pressure.  It  was  proposed  by  the  author  some 
years  ago,  and  was  brought  to  great  practical  perfection  by  his 
brother.  Dr.  James  Arnott  (now  superintendant  surgeon  in  the 
service  of  the  Hon.  East-India  Company,)  in  whose  publicatiops 
on  diseases  of  the  urethra,  &c.  it  is  minutely  treated  of.  Many 
professional  men  in  this  country  doubted  of  its  power,  from  not 
being  aware  of  the  nature  of  fluid  action;  but  it  is  in  reality  a 
kind  of  hydraulic  press,  allowing  the  operator  to  act  with  the 
most  gentle  or  most  energetic  force.  Further  remarks  are  made 
upon  it  in  the  medical  section  which  follows  this  chapter. 

"  In  any  fluid j  the  particles  that  are  below  bear  the  weight 
of  those  that  are  above,  and  ther^ore  there  is  a  pressure 
among  them  increasing  in  exact  proportion  to  the  perpen- 
dicular depth,  and  not  influenced  by  the  size,  or  shape,  or 
position  of  the  containing  vessel?^ 

Where  the  atoms  have  gravity,  it  is  evident  that  the  upper 
layer  must  be  supported  by  the  second,  and  this  with  its  load 
by  the  third,  and  the  third  with  its  double  load  by  the  fourth, 
and  ao  on.  This  truth  is  e?cperimeqta)Iy  proved  by  putting  dif- 
ferent heights  of  liquid  into  an  upright  tube,  of  which  the  hot- 
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torn  is  closed  by  a  flap  having  a  spring  or  lever  to  support  it, 
and  to  indicate  the  force  acting  on  it  And  what  is  true  of  the 
entire  column  of  water  in  the  tube,  is  true  of  any  single  line  of 
atoms  in  that  column;  just  as  it  would  be  true  of  a  line  of  bricks 
piled  one  above  another,  and  maintained  upright. 

A  tube  of  which  the  area  is  an  inch  square,  holds,  in  two  feet 
of  its  length,  nearly  a  pound  of  water;  hence,  the  general  truth, 
well  worth  recollecting,  that  the  pressure  of  water  at  any  depth, 
whether  on  the  side  of  a  vessel  or  on  its  bottom,  or  on  any  body 
immersed,  is  nearly  one  pound  on  the  square  inch  for  every 
two  feet  of  depth. 

The  striking  effects  from  the  increase  of  pressure  in  a  fluid, 
at  great  depths,  are  of  course  most  commonly  exhibited  at  sea. 
The  following  instances  will  illustrate  them. 

If  a  strong  square  glass  bottle,  empty,  be  firmly  corked,  and 
then  sunk  in  water,  it  is  generally  crushed  inwards  by  the  pres- 
sure, before  it  reaches  a  depth  of  ten  fathoms. 

A  man  thus  let  down  in  a  cask  of  air,  would  soon  be  drowned 
by  the  water  bursting  in  upon  him. 

When  a  ship  founders  near  the  shore,  on  breaking  up,  the 
wreck  generally  floats,  and  is  cast  upon  the  beach;  but  when  the 
accident  happens  in  deep  water,  the  great  pressure  forces  water 
into  the  pores  of  the  wood,  and  makes  it  so  heavy  that  no  part 
can  ever  rise  again  to  reveal  her  fate. 

A  bubble  of  air  or  of  steam,  set  at  liberty  far  below  the  sur- 
face of  water,  is  small  at  first,  and  gradually  enlarges  as  it 
risesy 

A  man  who  dives  deep,  suffers  much  by  the  compression  of 
his  chest,  from  the  elastic  air  within  yielding  under  the  strong 
pressure.     This  limits  the  depth  to  which  divers  can  safely 

go- 
It  is  not  known  whether  there  is  a  limit  to  the  pressure  which 

fishes  can  bear  with  impunity,  but  they  are  chiefly  found  living 

iathe  shallower  waters  on  coasts,  or  on  banks  in  the  midst  of 

the  ocean,  such  as  the  banks  of  Newfoundland,  the  Dogger-bank, 

and  other  fishing  stations  out  at  sea.     In  rounding  the  Cape  of 

Good  Hope,  at  a  considerable  distance  from  Iwd,  ships  pass  over 


PBESSUIUS  AS  BSPTH.  243 

the  bank  of  Lagullas^  where  a  hook  let  down  with  a  bit  of  red 
rag  as  a  bait,  immediately  secures  its  codfish. 

The  readiest  mode  of  proving  the  compressibility  of  water  is, 
by  letting  a  prepared  vessel  down  into  the  deep  sea.  Suppose 
the  vessel  to  be  made  with  only  one  entrance  through  a  small 
round  opening,  into  which,  instead  of  a  cork,  a  sliding  rod  has 
been  closely  fitted.  If  the  vessel  be  filled  with  water,  and  the 
rod  be  then  inserted  in  the  opening,  on  sending  it  down  into  the 
sea,  the  pressure  around  will  push  the  rod  into  the  vessel,  in  a 
degree  proportioned  to  the  yielding  or  compression  of  the  water 
within:  and  if  there  be  a  stiff-sliding  ring  on  the  rod,  or  some 
other  contrivance  to  indicate  on  its  return  how  far  it  had  been 
driven  inwards,  the  apparatus  will  serve  to  show  the  degree  of 
compression  at  any  depth.  At  a  thousand  fathoms  it  is  about 
one-twentieth  of  the  bulk. 

The  following  are  proofs  of  the  pressure  in  any  part  of  an  open 
fluid,  operating  in  all  directions,  as  already  described  in  the 
case  of  a  confined  fluid. 

A  bottleH!ork  carried  far  under  water,  is  not  flattened  as  if  by 
an  unequal  pressure,  but  is  reduced  in  all  its  dimensions,  so  as 
to  appear  a  phial  cork. 

If  a  corked  empty  bottle  be  sent  down  into  the  sea,  the  cork 
is  forced  inwards  at  a  given  depth,  without  regard  to  the  direc- 
tion in  which  the  mouth  of  the  bottle  may  happen  to  point. 

If  a  vessel  containing  water  have  an  opening  in  the  side,  co- 
vered by  a  valve  or  flap  so  contrived  as  to  tell  the  force  acting 
to  keep  it  close,  we  find  that  the  water  tends  to  escape  just  as 
powerfully  through  such  an  opening  as  through  one  in  the  bottom, 
with  the  same  elevation  of  water  over  its  centre.  And  differ- 
ent equal  openings  in  the  side  of  a  vessel  require  to  be  closed 
with  forces  exactly  proportioned  to  the  heights  of  liquid  above 
their  centres. 

In  an  open  square-sided  vessel  full  of  water,  the  whole  pres- 
sure on  any  upright  side  is  just  half  of  what.it  is  on  an  equal 
extent  of  horizontal  bottom ;  because  the  centre  of  the  side  is 
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just  half  as  deep  as  the  bottom,  and  the  pressure  at  the  aiiddle 
being  only  half  as  much  as  at  the  bottom,  and  above  the  middle 
being  just  as  much  less  than  half,  as  below  it  is  more  than  half, 
it  amounts  to  an  exact  half  in  the  whole.  By  nearly  the  same 
reasoning  it  is  easy  to  show,  that  to  support  a  sluice  or  flood-gate 
by  pressure  at  a  single  point  on  the  outside,  the  pressure  must 
be  made  at  one-third  from  the  bottom.  The  knowledge  of  these 
facts  becomes  a  rule  in  the  construction  of  large  vessels,  canal 
embankments,  &c. 

The  pressure  on  a  given  extent  of  the  side  of  a  narrow  vessel 
is  just  as  great  as  on  the  same  extent  of  the  side  of  a  wide  ves- 
sel which  has  the  same  depth  of  fluid:  because,  as  now  expl^iin- 
ed,  it  depends  entirely  on  the  extent  of  surface  acted  upon  and 
the  depth  of  liquid. 

A  flood-gate  or  sluice  which  shuts  out  the  ocean,  as  in  docks 
of)eiiiiig  to  the  sea,  bears  no  more  pressure  than  if  it  stood  only 
against  a  lake  or  river,  with  the  water  at  the  same  elevation; 
and  if  two  immense  flood-gates  were  placed  so  near  to  each 
other  as  to  enclose  between  them  only  a  few  hogsheads  of 
water,  they  would  still  be  bearing  as  much  pressure  as  if  the 
Atlantic  were  resting  against  them. 

Hence  the  fear  is  unfounded  which  many  have  expressed,  in 
speaking  of  the  project  of  forming  a  canal  between  the  Red  Sea 
and  the  Mediterranean,  that  because  the  first  is  twenty  feet 
higher  than  the  other,  it  might  burst  through  the  flood-gates^ 
and  carry  devastation  along  its  course. 

A  deep  crevice  in  a  rock,  when  filled  by  a  shower,  is  often 
{he  cause  of  the  rock  being  torn  asunder,  and  of  part  being  pre- 
cipitated. . 

Extensive  walls  or  faces  of  masonry,  intended  to  con^ne 
banks  of  sand  or  earth,  if  no  openings  were  left  fbr  water  to 
escape  from  behind  them,  would  be  burst  after  rain,  unless  they 
had  the  strength  of  flood-gates  of  the  same  size.  Ignorance  of 
{his  danger  has  ted  to  some  extraordinary  catastrophes. 

Othel*  examples  of  the  preslsure  in  fluids  being  in  all  direc- 
tions, atid  proportioned  to  the  depth,  are;— -the  swefiing  and 
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bursting  of  leSaiden  pipes  when  filled  from  a  very  elerated 
so«irce:*-^the  tearing  uptyf  the  covering  of  a  subterranean  drain 
or  water-course,  when  any  accident  choaks  it  near  its  lower 
opening,  or  when  the  flood  is  such  as  to  fill  it:--»the  violence 
with  which  water  enters  by  an  opening  or  leak  near  the  keel  of 
b  deep-floating  ship : — the  great  strength  required  in  the  lower 
hoops  and  securities  of  those  casks,  called  vats,  used  by  porter 
brewers,  some  of  which  contain  many  thousand  barr^s  of 
liquid. 

In  speaking  of  the  pressure  of  a  fluid  in  all  directions,  some 
persons  have  difficulty  in  conceiving  that  there  is  an  upward, 
as  well  as  a  downward  and  a  lateral  pressure.  Now,  if  in  a  fluid 
mass,  the  particles  below  had  not  a  tendency  upwards  propor- 
tioned to  the  pressure  around  them,  from  which  they  are  trying 
to  escape,  they  could  not  support  the  fluid  above,  which  entire- 
ly rests  upon  them.  Accordingly,  if  a  long  tube,  open  at  both 
ends,  and  with  a  sliding  plug  or  piston  in  it  near  one  end,  be 
partially  plunged  into  water  by  that  end,  the  water  is  found  t6 
press  the  plug  upwards  with  force  proportioned  to  the  depth  to 
which  the  plug  is  carried,  and  exactly  equal  to  the  force  with 
which  the  water  presses  upon  the  bottom  or  side  of  a  vessel  at 
the  same  depth,  and  with  which  it  would  press  other  plugs  in 
other  branches  of  the  tube  projecting  in  all  directions.  On  re- 
moving such  a  plug  altogether,  the  upward  pressure  is  visiUy 
proved  and  measured  by  the  column  of  water  which  is  pushed 
into  the  tube  from  below,  and  is  there  supported,  to  ttie  level 
of  the  water  around. 

The  pressure  in  a  mass  of  fluid,  is  proportioned  to  the  perpen- 
dicular depth,  and  is  not  at  all  influenced  by  the  size,  shape, 
or  position  of  the  containing  vessel. 

A  body  immersed  in  the  water  of  a  lake,  one  foot  under  the 
surfisice,  is  just  as  much  pFessed  upon,  as  if  it  were  one  &ot  un- 
der the  4iurfaoe  lef  the  sea,  «nd  no  more  than  if  it  were  one  foot 
tamder  the  surface  «xf  &  small  cistem. 

Suppose  vessels  difieringfrom  each  other  in  form  and  capaci- 
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ty,  as  sketched  here  at  a,  b,  and  c, 
but  all  haying  flat  bottomsy  of  exacts 
ly  the  same  area ;  if  fluid  be  pour- 
ed into  all  of  them  to  the  same  level 
or  perpendicular  height,  as  represen- 
'  ■  '    ted  here  by  the  dotted  line,  although 

the  quantity  be  very  different  in  each,  the  pressure  on  the 
bottom  will  be  the  same  in  alL  This  truth  is  easily  proved 
experimentally,  by  having  the  bottoms  moveable,  and  held 
to  their  places  by  weights  or  springs  capable  of  measuring 
t|ie  pressure:  or  by  letting  the  three  vessels  all  communicate 
with  another  vessel  of  water  below  them,  and  then  observing 
that  the  water  in  all  has  still  the  same  level. — ^These  results 
are  other  exemplifications  of  the  truths,  *' pressure  equal  in  all 
directions,'^  ^^ pressure  as  rfgi^/A,"  and  '^pressure  as  the  ex- 
tent  of  surface.^'  For  as  a  column  of  the  fluid  resting  on  the 
middle  of  each  bottom  just  presses  with  its  whole  weight,  and 
therefore  according  to  its  altitude,  this  column  could  not  re- 
main at  rest  if  there  were  any  greater  or  less  pressure  than  its 
own  near  it;  then  as  the  fluid  really  is  at  rest  in  all  the  cases,  and 
in  all  a  central  column  is  of  the  same  height,  the  pressure  must 
be  equal  on  all  the  bottoms.  The  case  of  the  bu'gest  vessel  a 
is  in  a  degree  illustrated  by  supposing  it  to  be  filled  with  up- 
right rods  of  glass  or  pieces  of  smooth  cane;  only  those  pieces 
which  rested  on  the  bottom,  could  press  directly  on  it,  while 
the  others  would  be  supported  by  the  oblique  sides  of  the  ves- 
sel, and  by  the  lateral  resistance  of  the  pieces  around  them. 

*^  Level  surface  of  a  fluid, ''    {Recui  the  analysis. ) 

That  the  surface  of  a  fluid  must  be  level,  follows  from  the 
facts  of  all  the  particles  being  equally  attracted  towards  the  cen- 
tre of  the  earth,  and  being  perfectly  moveable  among  them- 
selves. The  particles  forming  the  surface  may  be  regarded  as 
the  tops  of  so  many  columns  of  particles,  supported  by  a  uni- 
form resistance  or  pressure,  below;  and  therefore  a  higher  co- 
lumn must  sink  and  a  lower  one  must  rise,  until  just  balanced  by 
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those  around;  that  is,  until*  all  become  alike.  Besides  this^ 
just  as  a  ball  rolls  down  a  slope  or  inclined  plane,  so  do  the 
particles  of  a  fluid  slide  or  move  from  any  higher  situation 
among  themselves,  to  any  lower  situation  unoccupied  near 
them. 

A  perfectly  level  surface  on  earth,  really  means  one  in  which 
every  particle  is  equi-distant  from  the  centre  of  the  earth, 
and  it  is  therefore  truly  a  spherical  surface;  but  so  large  is  the 
sphere,  that  if  a  slice  of  it  of  two  miles  in  diameter  were  cut  off, 
and  laid  on  a  perfect  plane,  the  centre  of  the  slice  would  only  be 
eight  inches  higher  than  the  edges.  Any  small  portion  of  it, 
therefore,  for  all  common  purposes,  may  be  accounted  a  per- 
fect plane. 

So  truly  smooth  does  a  fluid  surface  become,  that  it  forms  a 
perfect  mirror;  that  is,  it  reflects  or  throws  back  the  rays  of 
Tight  which  fall  upon  it  so  exactly  in  the  order  which  they  had 
on  leaving  the  object,  that  an  eye  which  receives  them  may 
fancy  the  object  to  be  placed  in  the  direction  of  the  mirror. — 
It  was  over  the  glassy  surface  of  the  fountain  or  the  lake,  that 
the  shepherdesses  of  the  young  world  bent  themselves,  to 
learn  the  charms  which  nature  had  bestowed  on  them. — And  a 
child  contemplates  with  wonder  and  delfght,  through  the  win- 
dow of  a  still  pool  or  gliding  stream,  another  sky  appearing  be- 
low the  ground,  with  its  clouds,  and  sun  or  stars;  and  another 
landscape,  with  inverted  woods  and  mountains,  the  supposed 
dwelling  of  fairy  beings. 

In  the  cutting  of  canals,  the  making  of  rail-ways,  and  in 
many  other  operations  of  engineering,  it  is  of  essential  impor- 
tance to  determine  the  level  or  horizontal  direction  at  any  place: 
and  this  is  usually  done  by  a  tube  of  glass  a  c,  filled  with  spirit 
except  one  bubble  of  air  6,  and  called  a 

^ fc    .     ^    spirit  level.     When  this  tube  is  horizon- 

tal,  the  bubble  has  no  tendency  to  move 
to  either  end;  but  if  the  tube  inclines  ever  so  little,  the  bubble 
rises  to  the  end  which  is  highest;  or,  to  speak  quite  correctly, 
the  denser  spirit  falls  down  to  the  lower  end,  and  forces  the 
light  bubble  away  from  it.     Such  a  tube  properly  fixed  in  a 
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firame^  with  a  telescope  attached  to  it,  or  simply  with  sight* 
holes  to  look  through,  becomes  the  eogioeer's  guide  io  many  of 
his  most  important  operations. 

A  hoop  surrounding  the  earth  would  bend  eight  inches  ia 
every  mile.  In  cutting  a  level  canal,  therefore,  which  may  he 
considered  as  part  of  a  hoop,  there  must  be  every  where  a  fall- 
ing from  the  straight  level  line,  in  the  proportion  now  descri- 
bed. 

Canals  leading  from  seaports  to  the  interior  of  countries  have 
generally  to  ascend;  but  as  water  cannot  become  stagnant  in 
any  channel  that  is  not  level,  the  canal  is  divided,  by  gates  and 
sluices,  into  portions  at  different  levels,  like  steps  of  a  stair, 
the  rising  at  the  joinings  being  generally  from  six  to  twelve 
feet  The  boat  is  raised  or  lowered  from  one  level  to  another 
by  the  contrivance  called  a  lock,  which  is  merely  a  portion  of 
the  low  level  capacious  enough  for  the  boat  to  lie  in,  furnished 
with  high  walls,  and  with  floodgates  at  both  ends;  and  when  the 
gates  below  are  shut  and  water  is  gradually  admitted  from 
above,  the  lock  becomes  part  of  the  high  level,  ready  as  such 
to  deliver  a  boat,  or  receive  one;  and  when  the  upper  flood- 
gates are  shut,  and  the  water  as  gradually  allowed  to  escape 
from  the  lock,  it  becomes  again  a  part  of  the  low  level,  and  a 
boat  may  enter  it  or  leave  it  by  its  lower  gates. 

The  cutting  of  canals  is  one  of  the  great  items  in  the  mass  of 
mpdern  improvement,  which  both  marks  and  hastens  the  pro- 
gress of  civilization.  Adverting  to  the  importance  of  easy 
intercourse,  as  explained  in  a  former  section,  we  need  only  say 
here  that  a  horse  which  can  draw  one  ton  with  difficulty  on  our 
best  roads>  can  draw  thirty  tons  with  the  same  speed  in  a  canal* 
boat 

And  what  a  glorious  triumph  to  science  and  art  it  is,  to  be 
able  to  conduct  vessels  of  all  kitids,  even  those  originally  in- 
tended for  the  ocean  surge  alone,  throu^  the  quiet  valleys  of 
an  interior  country!  In  Scotland,  at  present,  along  the  Caledo- 
nian canal,  a  noble  frigate  may  be  seen,  wandering  as  it  ware 
among  the  inland  solitudes,  and  displaying  her  grace  and  ma- 
jetty  to  the  astonished  gaze  of  the  mountain  shq»herd;  and  when 


she  has  traversed  the  kingdom^  and  visited  ih^  lonely  lakea^ 
whose  waters  until  now  had  borne  only  the  skiff  of  the  hunter^ 
she  descends  again  by  the  steps  of  her  liquid  stairy  and  safely 
resumes  her  place  among  the  waves. 

It  is  in  contemplation  at  present  to  lead  a  ship  banal  across 
the  isthmus  which  joins  North  and  $>outh  America.  The  ele- 
vation to  whibh  the  Canal  must  reach,  to  surmount  the  central 
ridge,  is  considerable,  and  will  increase  the  difljiculty;  but  such 
important  consequences  would  follow  theaccomplishmentof  the 
object,  that  with  the  continuance  of  general  peace)  and  the  in- 
crease of  political  wisdom,  it  will  probably  be  attained.  If  sOy 
the  loaded  vessel,  rising  from  the  Atlantic,  would  soon  be  des*> 
cried  among  the  mountain  heights,  and  a  few  hours  after,  would 
be  safely  lodged  in  a  port  of  the  opposite  sea,  having  perform- 
ed, by  a  dear  cut,  a  voyage  which  at  present  costs  months 
of  delay  and  hazard,  in  a  tedious  navigation  round  the  whole 
1K>uthern  continent. — And  if  the  Red  Sea  and  Mediterranean 
were  joined'  in  the  same  way,  as  has  also  been  proposed,  it 
Would,  in  effect,  bring  India  nearer  to  Europe,  and  would  Miore 
and  more  strengthen  the  bonds  of  mutual  utility  and  brothers- 
hood  among  the  nations  of  the  earth.  Then  indeed,  might  it 
be  said  with  truth,  that  the  world  is  a  great  garden,  which  has 
been  given  to  man  for  his  abode,  of  which  every  spot  has  its  pe» 
culiar  sweets  and  treasures,  but  the  cultivator  of  each  exchange- 
ing  a  share  of  what,  he  produces  for  shares  in  return  from  other% 
the  same  general  result* follows,  as  if  every  field  or  farm  con* 
tained  within  itself  the  climates  and  soils  and  capabilities  of  the 
whole  globe. 

In  a  canal,  the  least  deviation  from  the  true  level  would  tmme^ 
diately  cause  any  water  admitted  into  it  to  flow  towards  the  low 
end.  This  flux  to  a  lower  situation  is  what  is  g^ing  on  in  the 
myriads  of  streams,  which  render  the  face  of  the  earth  a  soeite 
of  Such  varied  beauty  and  incessant  change.       . 

As  in  the  animal  body,  from  even  the  minutest  poiat,  t 
little  vein,  endowed  with  living  power,  takes  the  blood  whick 
has  just  brought  life  and  nutriment  to  the  part,  and  delivers  it 
iiit6*ft  larger  vein^  whence  it  passes  into  larger  stilly  until  at  last^ 

li 
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in  the  great  reservoir  of  the  heart,  it  meets  the  blood  returned 
from  every  part  of  the  body:  so  in  this  terrestrial  globe,  where 
the  magic  moving  power  is  simply  flaid  seeking  its  level,  from 
every  point  of  the  surface,  does  the  rain,  which  falls  to  sustain 
vegetable  and  animal  life,  and  to  renovate  nature,  glide  into  a 
lower  bed,  and  from  thence  into  a  lower  still,  until  the  count- 
less streams,  after  every  variety  of  course,  combine  to  form  the 
swelling  rivers,  which  return  the  accumulated  waters  into  the 
common  reservoir  of  the  ocean.  In  the  living  body,  the  arte- 
ries carry  back  the  blood  with  renewed  vitality  to  every  point 
whence  the  veins  had  withdrawn  it,  and  so  complete  the  circu- 
lation; and  in  what  may  be  called  the  living  universe  the  circu- 
lation is  completed, by  the  action  of  heat  and  of  the  atmosphere, 
which  from  the  extended  face  of  the  ocean,  raise  a  constant  ex- 
halation of  watery  vapour  of  invisible  purity,  which  the  winds 
carry  and  deposit  as  rain  or  dew  on  every  spot. 

A  very  slight  declivity  suffices  to  give  the  running  motion  to 
water.  Three  inches  per  mile,  in  a  smooth  straight  channel, 
gives  a  velocity  of  about  three  miles  per  hour.  The  Ganges, 
which  gathers  tHe  waters  of  the  Himalaya  mountains,  the  lofti- 
est in  the  world,  at  eighteen  hundred  miles  from  its  mouth,  is 
only  eight  hundred  feet  above  the  level  of  the  sea — ^that  is, 
about  twice  the  height  of  St  Paul's  Church  in  London;  and  to 
fall  these  eight  hundred  feet,  in  its  long  course,  the  water  re- 
quires more  than  a  month.  The  great  river  Magdalena,  in 
South  America,  running  for  a  thousand  miles  between  two 
ridges  of  the  Andes,  falls  only  five  hundred  feet  in  all  that  dis- 
tance. Above  the  commencement  of  the  thousand  miles,  it  is 
seen  descending  in  rapids  and  cataracts  from  the  mountains. 
The  gigantic  Rio  de  la  Plata  has  so  gentle  a  descent  to  the 
ocean,  that  in  Paraguay,  at  the  distance  of  fifteen  hundred  miles 
from  its  mouth,  large  ships  are  seen  which  have  sailed  against 
the  current  all  the  way,  by  the  force  of  the  wind  alone:  that  is 
to  say,  which  on  the  beautifully  inclined  plane  of  the  stream, 
have  been  lifted  even  by  the  soft  wind,  to  an  elevation  greater 
than  of  our  loftiest  spires. 

A  small  lake  or  extensive  mill-pond,  with  very  uneven  hot- 
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torn,  if  suddenly  emptied  by  a  duice  or  opeDing  at  its  lowest 
party  would  exhibit  a  vast  number  of  pits  or  pools  of  various 
size  and  shape  left  among  its  inequalities.  But  supposing  rain 
to  continue  falling,  or  frequently  to  recur,  a  remarkable  change 
would  soon  be  effected.  In  consequence  of  each  pool  discharge 
ing  over  its  lowest  part,  that  is,  sending  out  a  streamlet  either 
into  another  lower  pool,  or  into  a  channel  leading  directly  to 
the  sluice  or  opening,  there  would  be  a  constant  wearing  of  the 
part  or  side  over  which  the  water  were  running,  that  is  to  say,  a 
deepening  of  the  breach  or  channel,  and  the  water  in  the  pool 
would  be  consequently  becoming  shallower,  while  at  the  same 
time  the  bottom  would  b^  filling  up  with  the  sand  or  mud  washed 
down  by  the  rain  from  the  elevations  around;  and  these  two  op- 
erations continuing,  the  pool  would  at  last  altogether  disappear. 
By  this  change^going  on  in  every  pool  through  the  whole  of  the 
emptied  mill-pond,  the  bottom  would  at  last  exhibit  only  a  va- 
ried or  undulated  surface  of  dry  land^  with  a  beautiful  arrange- 
ment of  ramifying  channels,  all  sloping  with  a  precision  unat- 
tainable by  art,  to  the  general  mouth  or  estuary. — ^The  reason 
that  in  the  supposed  case,  and  in  every  other,  a  water-course 
soon  becomes  so  singularly  uniform,  both  as  to  dimension  and 
descent,  is,  that  any  pits  or  hollows  in  it  are  filled  up  by  the 
sand  and  mud  carried  along  in  the  stream,  and  deposited  where 
the  current  is  slack;  while  any  elevations  are  worn  away  by  th6 
action  of  the  more  rapid  current  which  accompanies  shallow- 
ness. 

The  above  paragraph  describes  in  miniature,  what  has  been 
going  on  over  the  general  face  of  our  earth,  ever  since  that  con- 
vulsion of  nature  which  produced  its  present  form.  In  many 
places  the  phenomenon  is  already  complete;  in  others  it  is  only 
in  progress.  The  whole  of  what  is  now  dry  land,  has  at  some 
period  been  under  water,  and  much  of  it  has  evidently  been  a 
gradual  deposition  from  water. .  By  some  extraordinary  convul- 
sion,  thei*efore,  our  present  continents  and  islands  must  have 
been  thrown  up  from  the  bottom  of  an  ocean,  or  ao  ocean  must 
have  subsided  away  from  them;  and  in  either  case  the  land  must 
have  emerged  as  chequered  and  unsightly^  as  the  bottom  of  the 


ii52  HyDROSTATlCS^ 

tmptied  lake  supposed  above.  And  it  is  the  gradual  operatioA 
of  water  seeking  its  levelj  which  has  gradually  converted  the> 
earth  into  the  paradise  which  we  now  behold. 

The  marks  of  the  former  state  of  the  world,  and  of  the  pro^ 
gressive  change^  are  every  where  most  strikingly  evident  to  the 
enlightened  eye  of  philosophy.  The  present  kingdom  of  Bo- 
hemia,  for  instance,  is  the  bottom  of  one  of  the  great  lakes  which 
once  covered  Europe.  It  is  a  basin  or  amphitheatre,,  formed  by 
circular  ridges  of  mountains,,  and  the  only  gate  or  opening  to  it, 
is  that  remarkable  one  by  which  the  water  now  escapes  from  it, 
and  which  has  evidently  been  cut  or  formed  gradually  by  the 
action  of  the  running  stream.  As  the  bottom  became  uncovered 
by  the  sinking  of  the  water,  and  by  the  formation  of  a  regular 
sloping  channel  from  every  part,  the  former  lake  waa  converted 
into  a  fine  and  fertile  county,  a  fit  habitation  for  man;  and  the 
continued  drain  from  it,  produced  by  the  rains  which  fall  over 
Us  surface^  and  either  pass  suddenly  away,  or  sink*  into  the  earth 
and  ooze  again,  more  gradually  in  the  form  of  springs,  is  the 
beautiful  river  which  we  now  call  the  Elbe. 

In  Switzerland,  even  now  many  of  the  valleys  which  were 
formerly  lakes,  have  the  opening  for  the  exit  of  water  so  narrow,, 
tbat,,  as  happened  in  one  of  them  a  few  years  ago,,  a  mass  c^snow 
or  ice  falling  into  it,,  converts  the  valley  onoe  more  into  a  lake. 

Oi)  the  occasion  alluded  to,,  the  accumulation  of  water  within 
Wis  very  rapid ;.  and  although,  from  the  danger  foreseen  to  the 
eountry  below  if  the  impediment  should  suddenly  give  way,, 
every  means  was  tried  to  remove  it  gradually,  the  attempt  had 
not  succeeded  when  the  frightful  burst  took  place,  and  involved 
iil  below  in  common  ruin.. 

The  magnificent  Danube  is  the  drain  of  a  chain  of  basins  or 
lakes,  which  must  at  one  time  have  discharged  or  run  over  one 
into  another,  but  the  continued  stream  cutting  a  passage  at  last 
low  enough  to  empty  them  all,  they  are  now  regions  of  fertility, 
occupied  by  civilized  man,  instead  of  the  fishes  which  held  them 
formerly.  This  operation  is  still  going  on  in  all  the  lakes  of 
the  earth.  The  lake  of  Geneva^  for  instance,  although  confined 
b^  graniie  rock^  is  cutting  and  lowering  its  outlet^  and  the  sar- 
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face  has  fallen  considerably  within  the  period  of  accurate  obser-** 
vatioD  and  records;  and  as,  at  the  same  time,  the  wearings  of 
the  neighbouring  mountains,,  brought  down  .by  the  winter  tor- 
rents, are  filling  up  its  bed,  if  the  town  of  Geneva  last  long 
enough,  its  inhabitants  will  have  to  speak  of  the  river  in  the 
neighbouring  valley,  instead  of  the  picturesque  lake  which  now 
fills  it  Already  several  other  towns  and  villages,  which  were 
close  upon  the  lake  a  century  ago,  have  fields  and  gardens  spread^ 
ing  between  them  and  the  shores. 

Illustrative  of  this  subject,,  it  is  very  interesting  to  observe 
the  contrast  between  the  pure  blue  water  of  the  Rhone  issuing 
from  the  lake  of  Geneva,  and  the  turbid  streams  which  join  its 
course  a  little  farther  down.  The  torrents  which  &11  into  the 
lake  all  around,  are  generally  charged  with  the  debris  or  wear- 
ings of  the  mountains;  but  in  the  still  bosom  of  the  lake  having 
deposited  all  their  load,  the  pure  water  alone  escapes  to  form* 
the  river.  On  Ike  other  band,  the  streams  coming  to  the  Rhone 
directly  from  the  Alps,  bring  their  charge  of  broken-down  earth 
with  them;  and  even  after  they  have  joined  it,  they  are  long 
distinguishable  by  their  muddy  waters.  It  is  the  mud  deposit 
ted  as  here  described,  which  is  gradually  filling  up  this  and  other 
lakes,  and  which  has  formed  the  vast  regions  of  flat  country 
seen  about  the  mouths  of  most  great  rivers.. 

There  are  some  lakes  on  the  fisice  of  the  earth  which  have  no 
outlet  towards  the  sea^ — all  the  water  which  falls  into  them,, 
being  again  carried  ofi*  by  evaporation  alone-*and  such  lakes  are 
aever  of  fresh  water,,  because  every  substance,  wbicli,  from  the 
beginning  of  time,  rain  could  dissolve  in  the  regions  around 
them,  has  necessarily  been  carried  towards  them  by  their  feed- 
ing streams,  and  there  has  remained.  The  great  majority  of 
lakes,  however,  being  basins  constantly  running  over  at  one 
part  towards  the  sea,  although  all  originally  salt,  have  in  the 
course  of  time  become  fresh,  because  their  only  supply,  being 
directly  fiom  the  clouds,  or  from  rivers  and  springs  fed  by  the 
clouds,  is  firesh,  while  what  runs  away  from  them  must  always 
be  aairyiog  with  it  a  proportion  of  any  substance  that  remains 
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dissolved  ia  them.  We  thus  see  bow  the  tkee  of  the  earth  has 
been  gradually  washed  to  a  state  of  purity  and  freshness  fitting 
it  for  the  uses  of  man,  and  why  the  great  ocean  necessarily  con*- 
tains  in  solution  all  the  substances  that  originally  existed  near 
the  surface  of  the  earth,  which  water  could  dissolve: — viz.  all 
the  saline  substances.  The  city  of  Mexico  stands  in  the  centre 
of  one  of  the  most  magnificent  plains  on  the  face  of  the  earth, 
7,000  feet  above  the  level  of  the  sea,  and  surrounded  by  sublime 
ridges  of  mountains,  many  of  them  snow-capped.  One  side  of 
the  plain  is  a  little  lower  than^he  other,  and  forms  the  bed  of  a 
lake,  which  is  salt  for  the  reasons  stated  above; — but  the  lake 
will  not  long  be  salt,  for  it  now  has  an  outlet.  About  1 50  years 
ago  an  extraordinary  increase  of  the  lake  took  place,  and  covered 
the  pavements  of  the  city;  an  artificial  drain  was  then  cut  from 
the  plain  of  Mexico,  about  sixty  miles  from  the  city,  to  the 
lower  country  external  to  the  plain.  This  soon  freed  the  city 
from  the  water;  but  becoming  every  year  deeper  by  the  wearing 
efiects  of  the  since  uninterrupted  stream,  it  is  still  lowering  the 
surface  of  the  lake,  is  daily  rendering  the  water  less  salt,  and  is 
converting  the  vast  salt  marches  which  form^ly  surrounded 
the  city,  into  fresh  and  fertile  fields. 

The  immense  continent  of  Australasia,  or  New  Holland 
(larger  than  Europe,)  is  suy|>osed  by  some  to  have  been  formed 
at  a  different  time  from  what  is  called  the  old  world,  so  different 
and  peculiar  are  many  of  its  animal  and  vegetable  productions; 
and  the  idea  of  a  later  formation  receives  some  countenance,  from 
the  immense  tracts  of  marshy  or  imperfectly  drained  land  which 
have  been  discovered  in  the  interior,  into  which  rivers  flow, 
but  seem  not  yet  to  have  worn  down  a  suflBcient  outlet  or  dis- 
charging channel  towards  the  ocean. 

Where  the  soil  or  country  through  which  a  water-track  passes 
is  not  of  a  soft  consistence,  to  allow  readily  the  wearing  down 
of  higher  parts,  and  the  filling  up  of  hollows  by  deposited  sand, 
lakes,  rapids,  and  great  irregularities  of  current  remain.  We 
have,  for  instance,  the  line  of  lakes  in  North  America,  the  rapids 
of  the  St.  Lawrence,  and  the  stupendous  falls  of  Niagara,  where, 
at  one  leap,  the  river  gains  a  level  lower  by  one  hundred  and 
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sixty  feet  A  softer  barrier  than  the  rock  over  which  the  river 
pours,  would  soon  be  cut  through,  and  the  line  of  lakes  would 
be  emptied. 

The  contemplation  of  the  fact,  that  water  in  seeking  its  level 
is  constantly  wearing  where  it  rubs,  and  carrying  the  abraded 
portions  down  to  lower  levels,  and  ultimately  to  the  bed  of  the 
ocean,  brings  irresistibly  the  awful  idea,  that  this  earthly  abode 
of  ours,  owing  to  natural  causes  already  in  operation,  can  have 
but  a  limited  existence  in  its  present  state.  No  shower  falls 
that  does  not  send  some  portion  of  mountain  or  plain  into  the 
depths  of  the  ocean,  and  thus  cause  a  corresponding  encroach* 
ment  by  the  rising  water;  and  with  revolving  ages,  unless  new 
convulsions  of  nature  disturb  the  progress,  or  art  succeed,  as  in 
Holland,  and  elsewhere,  to  shut  out  the  ocean  from  extensive 
low  tracks  by  means  of  sea  dykes  or  embankments,  the  dry 
land  must  at  last  disappear,  and  another  gradual  deluge  must 
embrace  the  globe. 

There  is,  perhaps,  nothing  which  illustrates  in  a  more  striking 
manner  the  exact  accordance  of  nature's  phenomena  with  the 
few  general  expressions  or  laws  which  describe  them  all,  than 
the  perfect  level  of  the  ocean  as  a  liquid  surface.  The  sea  never 
rises  or  falls  in  any  place,  even  one  inch,  but  in  obedience  to 
fixed  laws,  and  therefore  its  changes  may  generally  be  foreseen 
and  allowed  for.  For  instance,  the  eastern  trade-winds  and 
other  causes  force  the  water  of  the  ocean  towards  the  African 
coast,  so  as  to  keep  the  Red  Sea  about  twenty  feet  above  the 
general  ocean  level;  and  the  Mediterranean  is  a  little  below  that 
level,  because  the  evaporation  from  it  is  greater  than  the  supply 
of  its  rivers,-— causing  it  to  receive  an  additional  supply  by  the 
Strait  of  Gibraltar;  but  in  all  such  cases,  the  effect  is  as  constant 
as  the  disturbing  cause,  and  therefore  can  be  calculated  upon 
with  confidence. 

Were  it  not  for  this  perfect  exactness,  in  what  a  precarious 
state  would  the  inhabitants  exist  on  the  sea-shores  aod  the  banks 
of  low  rivers !  Few  of  the  inhabitants  of  London,  perhaps,  re* 
fleet,  when  standing  close  by  the  side  of  their  noble  river,  and 
gazing  on  the  rapid  flood-tide  pouring  inland  through  the  bridges, 
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that  although  sixty  miles  from  the  sea^  they  are  placed  almost 
as  low  as  persons  sailing  upon  its  face,  where  perhaps  at  the 
lime  there  may  be  tossing  waves,  covered  with  wrecks  and  the 
drowning. 

The  horrible  destruction  that  would  follow  any  alteration  in 
the  level  of  the  ocean,  may  be  judged  of  by  the  effects  of  occa- 
sional floods,  produced  by  rains  and  melting  snow  in  the  interior 
of  countries,  or  by  these  combined  with  winds  and  high  tides  on 
the  coasts.  The  flood  at  St.  Petersburgh,  in  1825,  was  dread- 
ful, in  which  strong  westerly  winds  had  retarded  the  flow  of  the 
Neva  so  much  that  the  water  rose  forty  feet  (the  height  of  an 
ordinary  house)  above  its  usual  mark,  covered  all  the  low  parts 
of  the  town,  and  destroyed  thousands  of  human  beings. 

In  Holland,  which  is  a  low  flat,  formed  chiefly  by  the  mud 
and  sand  brought  down  by  the  Rhine  and  neighbouring  rivers, 
much  of  the  country  is  really  below  the  level  of  the  common 
spring  tides,  and  is  only  protected  from  daily  inundation  by 
artificial  dykes  or  ramparts,  made  strong  enough  to  resist  the 
ocean.  What  awful  uncertainty  would  hang  over  the  existence 
of  the  Dutch,  if  the  level  of  the  sea  were  subject  to  change: 
for  while  we  know  the  water  of  the  ocean  to  be  seventeen  miles 
higher  at  the  equator  than  at  the  poles,  owing  to  the  centrifugal 
force  there  of  the  earth's  rotation;  if  the  level,  as  now  establish- 
ed, .were  from  any  cause  to  be  suddenly  changed  but  ten  feet, 
millions,  of  human  beings,  would  be  the  victims. 

Where  inundation  is  regularly  periodical,  as  in  the  Nile,  the 
hurtful  eSects  can  be  guarded  against,  and  it  may  even  become 
useful,  by  fertilizing  the  soil. 

Tracts  of  land  in  contact  with  rivers,  and  having  an  elevation 
between  the  levels  of  ebb  and  flood  tide,  may  be  kept  con- 
stantly covered  with  water,  by  surrounding  them  with  dykes, 
itnd  opening  the  sluices  at  high  water  only;  or  they  may  be 
kept  constantly  drained,  by  opening  the  sluices  only  at  low 
water.  A  vast  extent  of  rice  fields  near  the  mouths  of  rivers 
in  India  and  China  are  managed  in  this  way,  the  admission  or 
exclusion  of  water  being  regulated  by  the  age  of  the  rice  plant. 
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'<  ffvarioua  tubes  and  vessels  communicaie  with  each  other, 
fluid  admitted  to  them  unit  rise  to  the  same  level  in  alL*^ 
(Read  the  analysis,  p.  )S36.) 

The  adjoining  sketch  may  repreaent  a  yariety  of  tubes  and 
yeaselfiy  fixed  upon  and  opening  into  the  cistern  or  box  a.  Wa- 
ter poured  into  any  one  would  fill  the  box,  and  would  then  rise 
•  ^  c  d      e  to  the  same  level  in  all.     The 

dotted  lines  from  a  iof,  may 
represent  the  surfaces  of  the 
fluid  in  the  different  vessels, 
in  the  figure  at  page  938,  it 
was  seen  why  in  all  upright 
cylindrical  vessels,  as  a,  b, 
and  e,  the  fluid  rises  to  the  same  level;  and  the  figure  at  p.  246, 
explained  why  shape  of  vessel  cannot  afiect  the  level.  Al- 
though in  the  oblique  vessel  c,  represented  here,  there  is  more 
water  than  in  a,  still  there  is  the  same  pressure  at  the  bottom 
of  both,  because  c  supports  part  of  the  weight  of  its  contained 
fluid  on  the  principle  of  the  inclined  plane. 

If  a  tube  twenty  miles  long,  and  rising  and  descending 
among  the  inequalities  of  a  country,  were  nearly  filled  with 
water,  and  could  have  its  ends  brought  together  for  comparison, 
it  would  exhibit  two  liquid  surfaces  having  precisely  the  same 
level,  and  on  either  end  being  raised,  the  fluid  would  sink  in  it 
to  rise  in  the  other. 
An  easy  mode  of  determining  a  level  line  at  any  spot  is  to 
have  an  open  tube,  bent  up  at  its  ends, 

€lR jRb    and  nearly  filled  with  liquid:  by  then 

looking  along  the  two  surfaces,  or 
through  floating  sights  resting  on  them,  an  observer  looks  in  a 
line  quite  horizontal. 

If  there  were  two  lakes  on  adjoining  hills  of  different  heights, 
a  pipe  of  eommunication  descending  across  the  valley  and  con* 
necting  them,  would  soon  bring  them  to  the  same  level;  or  if 
one  were  much  lower  than  the  other,  it  would  empty  the  one 
into  the  other. 

Kk 
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A  projector  thought  that  the  vessel  of  his  contrivance,  repre- 
^^^^       sented  here,  was  to  solve  the  renowned  pro- 
^  V    vi^   ^'^^^  ^^  ^^  perpetual  motion.     It  was  goblet- 

I  """"'  I    jj*   shaped,  lessening  gradually  towards  the  bottom 
V         J  J)     "*****  ^*  became  a  tube  bent  upwards  at  c,  and 
^SsC"^/        pointing  with  an  open  extremity  into  the  gob- 
e"""''^  let  again.     He  reasoned  thus:  A  pint  of  water 

in  the  goblet  /i,  must  more  than  counterbalance  an  ounce  which 
the  tube  b  will  contain,  and  must  therefore  be  constantly  push* 
ing  the  ounce  forward  into  the  vessel  again  at  a,  and  keeping 
up  a  stream  or  circulation,  which  will  cease  only  when  (he  wa- 
ter dries  up.  He  was  confounded  when  a  trial  showed  him 
the  same  level  in  a  and  in  b. 

A  glass  tube  inserted  into  the  bottom  of  an  open  cask  or  cis- 
tern of  any  sort,  and  then  bent  upwards  to  appear  on  the  out- 
side like  a  barometer  tube,  shows  by  the  elevation  of  the  fluid 
in  it,  the  height  of  the  greater  mass  within. 

In  like  manner  a  tube  brought  from  a  river  into  a  neighbour- 
ing cellar  or  pit,  indicates  the  height  of  the  water  in  the  river. 

A  knowledge  of  the  truth,  that  water  in  pipes  will  always 
rise  again  to  the  height  or  level  of  its  source,  has  enabled  us  in 
modem  times  to  construct  those  admirable  systems  of  iron 
pipes,  which  distribute  water  in  great  towns.  The  water  being 
brought  to  any  elevated  site  in  or  near  the  town,  may  be  deli- 
vered from  a  reservoir  there,  by  the  effect  of  gravity  alone,  to 
every  cistern  which  is  under  the  level  of  the  reservoir;  the  re- 
sult not  being  affected  by  the  pipes  having  to  rise  over  heights 
and  to  descend  into  vi|lleys  many  times  in  their  course. 

On  the  hill  north  of  London,  on  which  Pentonville  stands, 
there  is  a  reservoir  to  which  water  is  brought  from  Hertford- 
shire, by  a  channel  cut  for  the  purpose  upwards  of  thirty  miles 
in  length,  and  called  the  New  River.  Another  reservoir  has 
very  lately  been  constructed  at  Primrose  Hill,  by  the  West  Mid- 
dlesex Water  Company,  higher  than  any  house  in  town.  It  is 
filled  by  the  operation  of  steam-engines  at  the  Company's  works 
near  Hammersmith,  five  miles  off.     It  will  supply  water  to  the 


summits  of  all  the  houses  connected  with  it,  and  may  be  ex- 
ceedingly useful  in  cases  of  fire. 

Many  have  believed  that  the  ancients  were  ignorant  of  the 
law,  that  fluid  in  pipes  will  rise  to  the  level  of  its  source,  be- 
cause in  all  the  mioB  of  their  aqueducts,  the  channel  is  a  regu- 
lar slope.  Some  of  these  aqueducts,  as  works  of  magnitude, 
are  not  inferior  to  the  great  wall  of  China,  or  the  Egyptian  Py- 
ramids; yet  at  the  present  day,  a  single  pipe  of  cast-iron  is  made 
to  answer  the  same  purpose,  and  even  more  perfectly.  It  is 
now  ascertained,  however,  that  it  was  not  ignorance  of  the  prin- 
ciple, but  want  of  fit  material  for  making  the  pipes,  which  cost 
our  forefathers  such  enormous  labour. 

The  supply  and  distribution  of  water  in  a  large  city,  particu- 
larly since  the  steam-engine  was  added  to  the  apparatus,  ap- 
proaches closely  to  the  perfection  of  nature's  own  work  in  the 
circulation  of  blood  through  the  animal  body.  From  the  great 
pumps  or  a  high  reservoir,  a  few  main  pipes  issue  to  the  chief 
divisions  of  the  town ;  these  send  suitable  branches  to  every  street, 
the  branches  again  divide  for  the  lanes  and  alleys;  and  at  last 
into  every  house  a  small  leaden  conduit  rises,  which,  if  requir- 
ed, carries  its  precious  freight  into  the  separate  apartments,  and 
yields  it  there  to  the  turning  c^a  cock.  A  corresponding  arrange- 
ment of  drains  and  sewers,  constructed  with  the  greatest  exactness 
in  obedience  to  the  law  of  level,  receives  the  water  again  when  it 
has  answered  its  purposes,  and  carries  it  to  be  purified  in  the 
great  laboratory  of  the  ocean.  And  so  admirably  complete  and 
perfect  is  this  counter-system  of  sloping  channels,  that  a  heavy 
shower  may  fall,  and  after  washing  and  purifying  every  super- 
ficial spot  of  the  city,  and  sweeping  completely  all  the  subter- 
ranean passages,  within  the  space  of  an  hour,  it  may  be  again 
collected  in  the  river  passing  by.  It  is  the  recurrence  of  this 
almost  miracle,  of  extensive,  sudden,  and  perfect  purification, 
which  has  made  London  the  most  healthy,  although  the  largest 
city  in  the  world. 

English  citizens  have  now  become  so  habituated  to  the  bless* 
iflg  of  a  supply  of  pure  water  more  than  sufficient  for  all  their 
purposes,  that  it  no  more  surprises  them  than  the  regularly  return- 


260  HTOROSTATICS. 

ing  light  of  day  or  warmth  of  summer.  Bat  a  retrospect  into  past 
times  may  still  awaken  them  to  a  sense  of  their  obligation  to 
advancing  art.  How  often,  formerly,  did  periodical  pestilence 
arise  from  deficiency  of  water;  and  often  has  fire  devoured 
whole  cities,  which  a  timely  supply  of  water  might  have  saved. 
Kings  have  received  almost  divine  honours  for  constructing 
aqueducts,  to  lead  the  pure  streams  from  the  mountains  into 
the  peopled  towns.  In  the  present  day,  only  he  who  has  tra- 
velled on  the  sandy  plains  of  Asia  or  Africa,  where  a  well  is 
more  prized  than  mines  of  gold^  or  who  has  spent  months  on 
ship-board,  where  the  fresh  water  is  often  doled  out  with  more 
caution  than  the  most  precious  product  of  the  still,  or  who  has 
vividly  sympathized  with  the  ship-wrecked  man  spreading  out 
his  garments  to  catch  the  rain  from  lieaven,  and  then,  with  mad 
eagerness,  sucking  the  delicious  moisture-*-on]y  he  can  appreci- 
ate fully  the  blessing  of  that  abundant  supply  which  most  of  us 
BOW  so  thoughtlessly  enjoy.  The  author  will  long  remember  the 
intense  momentary  regret  with  which,  on  once  approaching  a 
beautiful  land  after  months  spent  at  sea,  he  saw  a  stream  of 
fresh  water  falling  over  a  rock  into  the  salt  waves— it  appeared 
to  him^  that  he  was  witnessing  a  most  precious  essence,  by^ 
some  accident,  pouring  out  to  waste. 

The  subject  of  fluid  level  leads  to  the  consideration  of  springs 
or  wells,  and  of  the  operation  of  boring  for  water. 

The  water  which  fiills  from  the  clouds  may  either  find  its  way 
directly  to  the  rivers,  by  running  along  the  surface  of  a  soil  that 
refiises  it  admittance;  or  may  sink  into  the  porous  earth,  and 
again  ooze  out  at  some  lower  situation  in  the  form  of  a  q>ring. 
If  a  spring  be  as  low  as  the  bottom  of  the  porous  earth  from 
which  it  issues,  that  is  to  say,  as  low  as  the  surface  of  the  imper- 
meable clay  or  rock  on  which  the  earth  rests,  it  may  drain  the 
whole;  but  if  not,  the  water  will  stand  at  a  certain  level  among 
the  earth  as  it  would  among  bullets  in  a  pit  If  a  hole  or  pit  be 
dien  dug  in  such  earth,  to  below  the  level  of  the  water  lying  in 
it,  the  pit  will  soon  be  filled  with  water  up  to  such  level,  and 
will  be  called  a  welK    In  many  places  the  level  of  the  sabter- 
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ranean  water  is  very  low,  and  in  some,  by  reason  of  the 
water  having  an  easy  drainage  towards  the  sea,  or  of  the  soil 
being  altogether  impermeable  to  it,  there  is  no  water  within  an 
aceessible  depth. 

The  surface  of  our  globe  is  formed  of  different  strata  or  lay- 
ers, as  of  clay,  chalk,  sand,  gravel,  &c.  &c*,  which  appear  all  to 
have  been  at  some  former  period  horizontal,  and  under  water, 
and  to  have  been  afterwards  thrown  up,  by  some  convulsion  of 
nature,  in  every  variety  of  state.  In  particular  situations  the 
upper  surface  is  concave,  or  basin-shaped,  and  then  the  different 
strata  or  layers,  when  water-tight,  are  like  cups  or  basins  placed 
one  within  another;  and  as  water  poured  in  between  two  basins 
so  placed,  until  it  reached  their  lips;  would  spring  out  to  the 
height  of  its  source,  by  any  hole  made  through  the  side  of 
either,  so  on  boring  for  water  through  an  innermost  water-tight 
stratum  or  basin  of  earth,  the  water  often  springs  out  and  rises 
far  above  the  surface.  London  stands  in  a  hollow  of  which  the 
first  or  innermost  layer  is  a  basin  of  day,  placed  over  chalk, 
and  on  boring  through  the  clay  (sometimes  of  three  hundred 
feet  thickness,)  the  water  issues,  and  in  many  places  rises  con- 
siderably above  the  surface  of  the  ground;  showing  that  there  is 
a  higher  source  or  level  somewhere — ^probably  among  the  Sur- 
rey hills,  or  those  north  of  London. 

When  fluids  of  different  kinds,  and  of  different  weights  under 
the  same  bulk,  are  made  to  act  against,  or  to  balance  each  other 
in  communicating  vessels — as  water,  for  instance,  in  one  leg  of 

the  bent  tube  b  d  c.  and  oil  in  the 
:       other — ^the  surfaces  will  not  be  at 

^        i '/       the  same  height  or  level,  but  that  of 

O        i -i^     the  lighter  fluid  will  be  just  as  much 

I  :         higher  than  that  of  the  other  as  it  is 

lighter.     Thus  the  column  of  oil 

/  /  must  be  of  a  length  as  o  d,  to  balance 

the  column  of  water  w  d:  and  alco- 

^^/. y  hoi,  because  Kgbter  than  oil,  to  bal- 

..-'"'  ance  the  same  water,  would  have  to 


^H 


^iv 


df  stand  higher  still  as  at  a:  while  mer- 
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cury,  because  thirteen  times  weightier  than  water,  would  stand 
only  about  m.  The  shape,  size,  or  position  of  the  vessels  in 
which  the  opposing  fluids  might  stand,  would  have  no  influence 
on  the  relative  height  of  the  surfaces;  and  if  we  suppose  a  lai^jer 
vessel,  such  as  is  r^resented  by  the  dotted  lines  here,  to  replace 
the  leg  c  £?  of  the  tube,  the  various  fluids  to  balance  the  water 
in  b  df  would  have  to  stand  just  as  high  in  it,  as  in  the  smaller 
iuhec  d. 

^*  Jl  body  immersed  in  a  Jluidy  displcuses  exactly  its  awn 
bulk  of  itf  which  quantity  having  been  just  supported  by 
the  fluid  aroundy  the  body  is  held  up  with  force  exactly 
equal  to  th^  weight  of 'the  fluid  displaced,  and  must  sink 
or  sunm  according  as  its  own  weight  is  greater  or  less  than 
this.'' 

A  bladder  full  of  air,  and  maintaining  the  bulk  of  a  pound 
of  water,  requires  a  foree  of  one  pound  (except  a  grain  or  two, 
the  weight  of  the  air)  to  plunge  it  under  water.  The  same  bttlk 
of  gold  is  held  up  in  water  with  exactly  the  same  force,  and  if 
previously  balanced  at  the  end  of  a  weighing  beam,  it  appears 
on  immersion  to  have  lost  one  pound  of  its  weight  And  a 
piece  of  wood,  ivory,  or  any  other  substance,  provided  it  has 
exactly  the  same  bulk,  is  opposed  on  entering  the  fluid  by  the 
same  resistance. 

The  reason  of  this  is  obvious,  for  the  immersed  body  takes 
the  place  of  water,  which  weighed  one  pound  and  yet  was  sup- 
ported. In  a  vessel  of  water  represent- 
ed here  by  a  b,  let  us  attend  to  any  por- 
tion of  the  water,  a'  single  column  of 
particles  for  instance,  represented  by  the 
line  c  d:  we  know  that  each  column  is 
steadily  supported  in  its  place,  because 
the  particle  of  the  liquid  immediately  under  it  is  tending  up- 
wards to  escape  from  the  surrounding  pressures,  with  force  ex- 
actly equal  to  its  weight;  and  what  is  true  of  a  column  of  single 
particles,  is  true  of  any  other  portion,  such  as  the  larger  column 
represented  by  the  figure/  h  g.     If  such  portion  weighed  ex- 
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actly  a  pound,  the  surface  under  it  would  be  tending  upwards 
with  the  force  of  a  pound;  and  if  the  portion^  without  changing 
its  bulk  or  form,  were  to  become  ice,  it  would  still  be  exactly 
supported  by  the  surface  below  pressing  upwards  with  force  of 
a  pound;  and  further,  if  such  a  column  of  wood,  stone,  or  metal 
were  there,  the  surrounding  pressures  would  still  be  the  same. 
Again,  if  we  suppose  only  half  the  column  to  be  solidified,  the 
portion  h  g  for  instance,  it  would  still  be  pressed  upward^s  with 
a  force  of  one  pound  at  g;  but  its  own  weight  of  half  a  pound, 
and  the  weight  of  the  half  pound  of  water  above  it,  would  pro* 
duce  an  exact  balance  and  maintain  rest. 

It  is  very  important  to  have  clear  notions  on  this  subject;  and 
as  different  minds  apprehend  with  different  degrees  of  facility, 
and  in  different  ways,  I  shall  state  the  same  general  truth  in 
other  words. 

Let  us  regard  a  mass  of  fluid,  as  consisting  of  a  vast  number 
of  extremely  minute  columns  of  single  particles  standing  side  by 
side,  where  every  particle  supports  those  above  it  by  the  tendency 
upwards  which  it  acquires  through  the  pressure  of  the  fluid  sur- 
rounding it.  Now  if  we  suppose  the  particles  of  a  portion  of 
the  fluid  mass,  of  any  shape,  to  stick  together  or  to  become  ice 
without  change  of  bulk  or  weight,  that  portion  when  solid  would 
still  be  between  the  same  forces  as  when  fluid,  and  therefore 
would  be  equally  supported,  and  would  remain  at  rest.  And 
if  gold,  or  silver,  or  glass,  or  wood,  having  the  same  bulk,  were 
substituted  for  the  supposed  ice,  such  new  substance  would  still 
be  sustained  with  the  same  force;  so  that  if  it  were  of  exactly 
the  same  weight  as  the  ice  or  water  displaced,  it  would  have  no 
tendency  either  to  rise  or  to  fall,  more  than  the  water  itself  had; 
but  if  it  were  heavier  it  would  sink,  and  if  lighter  it  would  swim, 
and  in  either  case  with  force  exactly  proportioned  to  the  dif- 
ference between  its  weight  and  that  of  an  equal  bulk  of  water. 

Few  persons,  in  reading  for  the  first  time  the  statement  of 
this  simple  truth,  and  which  now  appears  so  obvious,  would 
imagine  that  it  had  been  so  long  unknown,  and  that  it  is  one  of 
the  most  important  discoveries  which  human  sagacity  has  ever 
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niade^ — ^but  flo  it  is.  We  owe  the  discovery  to  the  master-miad 
of  antiquity— that  of  Archimedesi  who  caught  the  idea  one  day 
while  his  limbs  were  restin^ir  on  the  liquid  support  of  a  bath: 
mnd  as  his  godlike  intellect  darted  into  futurity,  and  perceived 
many  of  the  important  uses  to  which  the  knowledge  was  appli- 
cable, he  is  said  to  have  becotee  so  moved  with  admiration  and 
delight,  that  he  leapt  from  the  water,  and,  unconscious  of  his 
nakedness,  pursued  his  way  homewards,  calling  out  <<  tv^ntut 
tpftnui^^^  I  have  found  it  He  was  thinking  chiefly  of  the  ready 
means,  thus  obtained,  of  ascertaining  in  all  cases  what  has  since 
been  called  the  specific  gramty  of  bodies,  vi%.  the  exact  com- 
parative weights  of  the  same  bulk  of  different  substances;  as  of 
gold  compared  with  silver,  or  copper,  or  iron,  &c. ;  and  in  the 
case  of  mixtures,  as  of  gold  with  silver  for  instance,  of  declaring 
at  once  the  proportion  present  of  each — important  problems 
which,  until  then,  no  one  could  correctly  solve. 

The  hydrostatic  law  now  explained,  has  since  led  to  great 
advances  in  various  arts.  It  may  be  regarded  as  a  chief  founda- 
tion of  chemistry,  for  by  it  the  chemist  distinguishes  one  sub- 
stance from  another,  a  pure  substance  from  an  impure  one,  and 
the  nature  of  mixtures  or  compounds.  The  merchant  ofteii 
judges  by  it  of  the  worth  of  his  merchandize.  In  any  ease  it 
enaUes  an  inquirer  to  ascertain  at  once  the  exact  size  or  solid 
bulk  of  a  mass,  however  irregular.  It  has  become  the  cause  of 
improvements  in  navigation,  in  marine  architecture,  &c.  &c 

We  shall  now  discuss  more  particularly  the  subject  of  com- 
parative  weights  or  ^eeijic  gravities. 

^<  The  force  with  which  a  body  is  held  up  in  a  fluid  being 
the  exact  weight  of  its  bulk  of  that  fluids  by  ascertaining 
this  force  and  comparing  it  with  the  weight  qfthe  body 
itself y  the  comparative  uyeights  or  specivic  obavztzss  are 
foundP    [Read  the  analysis^  page  236.) 

If  any  body,  c,  a  mass  of  gold  for  instance,  be  suspended  by 
a  thread  or  hair  from  the  bottom  of  one  scale  &  of  a  weighing 
beam,  and  be  then  balanced  by  weights  put  into  the  other  scde 
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o,  tod  if  a  vessel  of  wkte*  Ife  then  lifted  uiwter  it  so  that  fiie 

water  shall  ttirrouod  it,  the 
body  is  pushed  a]^  or  support- 
ed by  tiie  water  with  foree 
equal  to  the  weight  of  the 
water  which  it  displaces;  th^ 
Weighty  therefoye^  then  requi- 
red ilk  the  scale  b  to  restore 
the  balance,  is  truly  thie  exact 
weight  of  the  water  displaced; 
or  of  X^ater  equal  in  bulk  t6  the 
body;  and  the  weights  in  the 
two  opposite  scales  show  the  comparative  woights  of  a  given 
bulk  of  die'  body  and  of  water.  Suppose  the  piece  of  gold  in 
the  present  case  to  have  some  certain  weight  in  the  air,  it  would 
seem  to  lose,  when  the  water  surrounded  it,  about  a  nineteeth 
part  of  its  weight;  that  is,  the  water  would  support  it  with  this 
force;  and  gold  would  thus  be  proved  to  be  about  nineteen  times 
as  heavy  as  water. 

In  making  a  table  of  specific  gravities,  it  was  nece8siBJ*y  td 
seleet  a  common  standard  with  which  all  other  substance^  should 
be  compared,  and  this  has  been  done  in  choosing  water;  tiie 
reasons  of  preference  being,  that  water  can  be  so  easily  procured 
in  a  state  of  purity,  and  therefore  of  uniformity,  in  all  situations. 
When  we  say,  therefore,  that  gold  is  of  the  specific  gravity  19, 
and  copper  10,  and  cork  i,  we  mean  that  these  substances  are 
just  so  much  heavier  or  lighter  than  their  bulk  of  pure  water  id 
its  densirat  state,  viz.  at  ftie  temperature  of  40  degrees  of 
Fahrenheit's  thermometer. 

As  the  substances  in  dature  are  Vai^iOfiS  as  to  fdrm  and  other 
qualities,  consssponding  diJDferences  have  to  be  made  iti  the  nfiaH* 
ner  of  ascertaining  Uieif  sp^fio  gravitieit:  the  fblldWing  are  the 
i&ost  impettant; 

•  SbKd  boMts  insoluble  iti  Water  and  heavier  than  i^  as  the 
ttnetals,  &c,  aiib  tfieri^ly  susperided  by  a  thread  or  hair  havirig 
nearly  the  ^Mific  giravity  of  Wafitr,  Co  ohe  sbd^  of  fiie  kydOrt^ 
sMHe  baktnct  (ivHicb  id  rnkplf  ^  j^ood  l^i^iig  be^m  with  a 
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wKter-vesflel  below  it;)  and  the  body  being  first  balanced  or 
weighed  in  the  airi  and  then  in  water  as  already  described,  the 
weight  and  the  loss,  represented  by  the  weights  in  the  opposite 
scales,  are  the  weights  of  equal  bulks  of  the  two  substances; 
and  by  finding,  through  the  arithmetical  operation  of  diviHon^ 
how  often  the  weight  of  the  water  is  contained  in  the  weight 
of  the  solid,  we  find  the  specific  gravity  of  the  solid,  or  how 
much  it  is  weightier  than*  its  bulk  of  water. — ^It  is  almost  super- 
fluous to  remark,  that  putting  weights  into  the  scale  6,  or  taking 
them  out  of  the  scale  a,  are  equivalent  operations. 

Solids  lighter  than  water,  as  cork,  are  weighed  in  it,  by  at- 
taching to  them  a  mass  of  metal  or  glass,  already  balanced  in 
water  for  the  purpose,  which  may  cause  them  to  sink;  or  by 
making  the  line  which  connects  them  with  the  weighing  beam 
pass  under  a  small  pulley  fixed  at  the  bottom  of  the  vessel,  so 
that  the  rising  of  the  end  of  the  beam  shall  draw  them  down. 

Ji  solid  soluble  in  watery  as  a  crystal  of  any  salt,  may  be 
protected  during  the  operation,  either  by  previously  dipping  it 
in  melted  wax,  so  as  to  leave  a*  thin  covering  on  it,  or  it  may 
be  weighed  in  some  liquid  which  does  not  dissolve  it,  allowance 
being  afterwards  made  for  the  difference  between  the  weight  of 
such  liquid  and  of  water. 

Powders  insoluble  in  water,  such  as  gold-dust;,  are  weighed 
in  a  glass  cup,  which  has  been  previously  balanced  in  water  for 
the  purpose. 

'  Powders  soluble  in  water  must  be  weighed  in  some  other 
liquid. — Mr.  Leslie,  the  highly  endowed  professor  of  natural 
philosophy  in  the  university  of  Edinburgh,  has  lately  suggested 
a  novel  and  ingenious  mode  of  ascertaining  the  specific  gravi* 
ties  of  pulverized  or  porous  bodies;  but  as  it  can  be  under- 
stood only  by  persons  acquainted  with  the  doctrines  of  pneu^ 
maticSf  the  consideration  of  it  must  come  under  that  head. 

Other  liquids  may  be  compared  with  water,  in  several  ways. 

Ist  If  a  phial  be  made  to  hold  exactly  one  thousand  grains 
of  water,  the  weight  of  the  same  measure  of  any  other  liquid 
is  found,  by  simply  filling  the  phial  and  weighing  it.  Of  sul- 
phuric acid,  for  instance,  such  a  phial  will  contain  nearly  nine- 
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teen  hundred  grains,  while  of  alcohol  it  will  receiFe  only  about 
eight  hundred.     Sd.  A  bulb  of  glasB,  which  loses  one  thousand 
grains  when  weighed  in  water  (which  thousand  grains  is  there* 
fore  the  weight  of  its  bulk  of  water,)  may  be  weighed  in  other 
liquids,  and  the  difference  of  loss  marks  the  specific  gravity,  as 
in  the  last  case.     The  bulb  may  be  of  any  size,  but  one  which 
loses  in  water,  exactly  one  thousand  grains,  is  preferable,  from 
the  simplicity  thereby  given  to  the  calculations.     This  remark 
•pplies  also  to  the  phial  last  mentioned.     3d.  A  contrivance 
which  renders  the  beam  and  scales  altogether 
unnecessary,  is  a  hollow  bulb  of  glass  or  metal 
a,  with  a  slender  stalk  rising  from  it,  to  sup- 
pen^  the  little  scale  or  dish  6,  and  with  another 
stalk  descending  to  carry  the  weight  or  weights 
at  c,  which  serve  as  ballast  to  it  when  floating.. 
The  whole  is  so  adjusted  as  to  float  in  pure 
water,   with  a  certain  mark  upon  the  upper 
stalk,  at  the  surface  of  the  water.    By  then  im« 
mersing  it  in  other  liquids,  and  by  finding  how  much  weight 
must  be  added  to  or  taken  from  it  above  or  below,  to  make  it 
float  in  them  at  the  same  elevation,  the  comparative  weights  of 
these  other  liquids  and  of  water  are  found: — or  tho  difierence 
of  weight  which  makes  it  float  at  different  elevations  having 
been  previously  ascertained,  it  will  only  be  necessary  to  note 
exactly  its  elevation.   This  instrument  is  called  an  hydrometer. 
There  are  generally  printed  tables  and  directions  accompanying 
all  forms  of  it,  telling  the  exact  import  of  the  several  indica- 
tions for  different  liquids,  ftnd  the  allowances  required  to  be 
made  for  temperature,  &c.     4th.  The  shortest  mode  of  as- 
certaining the  specific  gravities  of  liquids,  is  to  have  small  glass 
bubbles,  forming  a  set  or  series  of  different  specific  gravities, 
so  that  when  thrown  into  any  liquid,  those  heavier  than  it  will 
sink,  and  those  lighter  will  swim,  and  that  one  which  marks  its 
specific  gravity  will  just  remain  suspended.     The  individuals  of 
the  series  must  of  course  be  numbered,  and  the  specific  gravity 
of  each  known. 

The  common  use  of  hydrometers  is-  to  ascertain  the  quality 
of  the  distilled  spirits  brought  to  market,  as  rum,  brandy,  gin. 
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lie.  AU  tbMO  coasMt  of  idcohol  more  or  less  diluted  with 
water;  and  duty  or  tas  is  levied  upon  them  ia  prc^>ortion  to  tiie 
steeogtfay  or  the  quantity  of  alcohol  which  they  oontain*  A  de- 
Iieate  hydrometer  discovers  this  at  once. 

A  shopkeeper  in  China  sold  to  the  purser  of  a  ship,  a  quanti-^ 
iy  of  distilled  spirit  according  to  a  sample  shown;  but,  not 
standing  in  awe  of  conscience,  he  afterwards,  in  the  privacy  of 
his  store-house,  added  a  certain  quantity  of  water  to  each  cask. 
The  spirit  having  been  delivered  on  board,  and  tried  by  the  hy- 
drometer, was  discovered  to  be  wanting  in  strength.  When 
the  vender  was  charged  with  the  intended  fraud,  he  at  first 
denied  it,  for  he  knew  of  no  human  means  which  could  have 
irfade  the  discovery;  but  on  the  exact  quantity  of  water  which 
had  been  mixed  being  specified,  a  superstitious  dread  seized 
him,  and  he  confessed  his  roguery,  and  made  ample  amends. 
6n  the  instrument  of  his  detection  being  afterwards  shown  te 
him,  he  offered  any  price  for  what  he  foresaw  might  be  turned 
to  great  account  in  his  trade. 

The  specific  gravity  of  an  aeriform  substance  is  ascertained 
by  means  of  a  glass  flask  of  known  size,  furnished  with  a  stop- 
cock. It  is  first  weighed  when  emptied  by  the  air-pump,  and 
afterwards  when  filled  successively  with  water  and  with  the 
difierent  airs  or  gases.  Comparison  of  the  weights  gives  the 
specific  gravities  as  already  described. 

The  following  table  shows  in  round  numbers  the  comparative 
weights  or  specific  gravities  of  some  common  substances.  Water 
is  the  standard  kept  in  view,  and  any  equal  bulk  of  the  other  sub*, 
stances  is  hpavier  or  lighter  than  water,  according  to  the  Qum- 
hers  severally  attached  te  them. 


Platinum   •• 22i 

Gold    19i 

Mercury    •.•.••• 13i 

Copper    • 81 

Steel  and  Iron      • 8 

Diamond    • Si 

Glass    3 

Common  Stones   ••    di 


Common  Salt 2 

Brick   • 2 

Alcohol      -^ 

iBther I 

Cork i 

Atmospheric  Air »•  -^ 

Hyr^geaGes TtW 
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Complete  UMes  are  lioimd  ia  tyrtemi  or  Dietionarief  of 
GfaeoMtrj. 

A  eubk*  foot  ^  water  happwa  to  w^gh  one  thouaand  ouocea 
KV<HrdupQia.  Heoee  in  the  forgoing  taMe  the  figures  denoting 
thd  specific  gravities^  tell  bow  many  tbousaod  ounces  of  the 
different  substances  a  cubic  foot  contains.  Of  gold,  for  instance, 
a  cuhi«  foot  contains  more  than  nineteen  thousand  ounces,  and 
is  worth  about  4i^63,000  in  ffione]r«  A  cubic  foot  of  common  air 
contains  only  a  little  more  than  one  ounce;  and  of  hydrogen  gas, 
thei  lightest  of  ponderable  things,  it  contains  less  than  a  drachm. 

The  following  facts  are  also  illustrations  of  the  truth,  that  a  body 
immersed  in  a  fluid  is  held  up  or  resisted  with  force  equal  to 
the  weight  of  the  quantity  of  fluid  which  it  diplaces. 

A  atone  which  on  land  requires  the  strength  of  two  men  to 
lift  it;  mi(y  be  lifted  and  carried  in  water  by  one  loan.  There 
Mre  cases,  therefore,  where  the  support  of  water  obtained  in  this 
way  i«  equivalent  to  the  assistance  of  an  additional  hand.  A 
bay  will  often  wonder  why  he  can  lift  a  certain  stone  to  the 
surface  of  water,  but  no  farther. 

The  invention  of  the  diving-bell  in  modem  times,  having 
enabled  men  in  the  building  of  piers,  bridges,  &c.  to  work  under 
water  almost  as  freely  as  above  its  surface,  many  have  expe- 
rience of  this  influence  of  water:  but  workmen  are  generally 
surprised  at  first,  to  find  that  they  can  move  much  larger  and 
heavier  stones  down  below  than  in  the  air.  Some  have  supposed 
the  fact  accounted  for  by  saying  that  the  denser  air  of  the  diving- 
bell  when  received  into  the  lungs  gave  greater  strength.  In 
recovering  property  from  a  sunken  ship  by  the  diving-bell, 
every  thing  is  found  to  be  lighter  in  the  proportion  just  stated. 

This  law  explains  also  why  stones,  gravel,  and  sand,  are  so 
easily  moved  by  waves  and  currents.  Many  people  expressed  as- 
tonishment,  in  March  1825,  on  learning  that  at  the  Plymouth 
Break-water,  the  storm  had  displaced  blocks  of  stone,  of  many 
tons  weight;  but  we  now  see  that  the  moving  water  had  only  to 
overcome  about  half  the  weight  of  the  stone. 

When  a  person  lies-  in  a  bath,,  the  limbs  are  so  nearly  sup- 
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ported  by  the  water  as  to  require  acarody  any  ezartion  on  the 
part  of  the  individual.  This  softest  of  all  beds  being  indulged 
in  for  half  an  hour  or  more,  the  person  on  first  lifting  a  limb 
out  of  the  water,  feels  surprise  at  its  great  apparent  weight 
The  workers  about  dtving-beUs  always  experience  the  sensation 
now  spoken  of,  on  returning  to  the  ain 

The  bodies  of  most  fishes  are  nearly  of  the  specific  grarity  of 
water,  and  therefore,  if  inactive,  they  neither  sink  nor  rise  very 
quickly.  When  this  subject  was  less  understood,  many  persons 
believed  that  fishes  had  no  weight  in  water;  and  it  is  related  as 
a  joke  at  the  expense  of  philosophers,  that  a  king  having  once 
proposed  as  a  question  to  his  men  of  science,  to  explain  this  ex*- 
traordinary  faict,  many  profound  disquisitions  came  forth,  but 
not  one  of  the  competitors  thought  of  trying  what  really  was 
the  fact.  At  last  a  simplcf  man  balanced  a  vessel  of  water  in 
scales,  and  on  putting  a  fish  into  it,  showed  a  scale  preponde^ 
rating  just  as  much  as  if  the  fish  had  been  weighed  alone.^ 

In  the  sense  now  explained^  water  is  said  to  have  no  weighs 
in  water.  The  least  force  will  raise  a  bucket  of  water  from  the 
bottom  of  a  well  to  the  surface;  but  if  the  bucket  be  lifted  at  ail 
iarther,  its  weight  is  felt,  just  in  proportion  to  the  part  of  it 
which  is  above  the  surface. 

'<  ^  body  lighter  than  its  bulk  o/ water  will  float,  and  with 
force  proportioned  to  the  difference.  ^^    (Bead  the  analysis^ 

p.  236.) 

The  reason  of  this  is  clear.  If  any 
body,  the  cylinder  a,  b,  c,  d,  for  in* 
stance,  be  partially  immersed  in  water, 
we  know  that  the  upward  pressure  df 
the  water  on  the  bottom  of  c  d,  is  exact- 
ly what  would  support  the  water  dis- 
placed by  the  body,  viz.  water  of  the  bulk,  e/c  d.  The  body 
therefore,  that  it  may  remain  in  the  position  here  represented, 
or  that  it  may  float,  must  have  exactly  the  weight  of  the  water 
which  it  displaces;  and  if  it  be  lighter  than  this,  it  will  rise 
farther;  if  heavier,  it  will  sink  farther  •'—A  body  when  floating 


.. 


ia  water^  then^  is  pushed  up  until  just  so  muchof  it  remains  in 
the  water  as  to  occupy  the  place  of  a  quantity  of  water  equal  in 
weight  to  itself. 

Hence  a  pound  weight  of  any  body  which  floats  in  water^ 
displaces  just  a  pound  of  water,  whether  that  body  be  yery  light) 
as  cork,  or  heavier,  as  a  piece  of  dense  wood.  This  is  experi- 
mentally shown  by  putting  such  bodies  to  float  in  a  vessel  ori- 
ginally full  of  water.  The  water  displaced  by  each  must  run 
over  the  sides  of  the  vessel,  and  may  be  caught  and  measured. 

Hence,  a  porcelain  basin  of  four  ounces  will  sink  in  water 
only  as  far  as  a  similar  wooden  bowl  of  the  same  weight;  and  the 
weight  of  the  bowl  may  either  be  in  the  wood  itself,  or  in  $oy 
thing  else  put  into  it  as  a  load. 

Hence  a  boat  of  iron  floats  just  as  high  out  of  water  as  a  similar 
boat  of  wood,  if  that  of  iron  be  thinner  in  substance,  and  there- 
fore not  heavier,  upon  the  wholes  than  the  wood.  An  empty 
metallic  pot  or  kettle  is  often  seen  floating  with'  a  great  part  of 
it  above  the  surface  of  the  water. — ^Prejudice  for  a  long  time 
prevented  iron  boats  from  being  used,  although  they  are  supe- 
rior to  others  for  various  purposes:  and  there  are  many  people 
still  who  would  fear  to  go  on  board  of  a  ship  built  of  the  strong 
and  almost  everlasting  Indian  teak,  because  it  is  heavier  than 
water,  and  in  the  form  of  a  log,  therefore,  sinks  in  water. 
Many  fine  ships  of  the  line,  however,  and  East-Indiamen  of  fif- 
teen hundred  tons  or  more,  are  now  built  of  teak. 

Hence  a  ship  of  one  thousand  tons  will  just  draw  as  much 
water,  or  float  to  the  same  depth,  whatever  her  cargo  be,  if  of 
equal  weight — And  the  exact  weight  of  a  ship  and  her  cargo 
would  be  determined  by  finding  how  much  water  she  displa- 
ced. In  canal  boats,  which  are  generally  of  a  simple  form, 
this  truth  afibrds  a  ready  rule  for  ascertaining  the  quantity  of 
their  load. 

The  human  body,  in  an  ordinary  healthy  state  with  the  chest 
full  of  air,  is  lighter  than  water. 

If  this  truth  were  generally  and  familiarly  understood,  it 
would  lead  to  the  saving  of  more  lives,  in  cases  of  shipwreck  and 


fft  oHmv  aeeidenti^  thm  dl  the  MwhMtioat  life-prcticrvtea  trWdb 
flia»'t  ingiMttity  wiH  •vtr  0oiitrii9«« 

The  human  body  with  the  chest  full  of  air  is  so  much  lifjhttr 
ihaa  water,  that  i<  naturally  fl6att  with  a  bulk  of  about  half  the 
bead  above  the  wcter^ — having  no  mosre  tendency  to  sinh  than 
It  tof  <rf  iir.  That  the  persoa  may  live  and  breathe,  then:  it  io 
only  aeeessary  to  esert  volition  so  as  to  render  ihe  fiM!e  the  part 
^icb  remains  Uppermost 

•The  reasons  that  so  many  people  are  drowned  in  oi^nary^ 
Aksetf,  who  might  easily  be  saved,  are  the  foUowinfgs-^ 

1st  Their  believing  that  eontbued  exertion  is  neeesstfry  t# 
leep  the  body  from  sinking,  and  henee  their  generally  assuming 
tfie  position  of  a  swimmer,  in  whioh  the  face  is  downwards, 
and  the  whole  head  must  be  kept  out  of  the  water  to  allow  of 
bseathing.  Now  as  a  man  cannot  retain  this  position  without 
<Sowl9aQed  exertieii,  he  is  soon  exhausted,  even  if  a  svvimmer,  and 
if  not)  the  unskilful  attempt  wiU  seareeiy  secure  for  him  even 
ifr  few  respirations!  The  body  raised  for  »  moment  by  exertion^ 
lAove  tte  natural  level,  sink#  as  far  bdow  when  the  exertion 
eeases;  and  the  plunge,  by  appearing  the  commencement  of  a 
permanent  shiking,  terrifies  the  unpractised  individual,  and  ven^ 
Asrs'  him  an  easier  victim  to  his  fate« 

9d.  Prom  a  fear  that  water  entmng  by  the  ears  may  drownr, 
at  if  it  entered  by  the  nose  or  mouth,  a  wasteful  exertion  is  < 
arade  to  prevent  it;  the  truth  being,  however,  that  it  can  only 
fill  the  outer  ear,  or  as  fa^  as  the  membrane  of  the  drum^,  and  is 
therefore'  ef  no  consequence.  Every  diver  and  swimmer  ban 
hh  ears^filled  with  Waffcer,  and  with  impunity. 
'  3d'.  Persons  unaccustomed  to  the  water,  and  in  danger  of  bo» 
ing  drowned,  generally  attempt  in  their  struggle  to  keep  their 
hands  above  die  surfece,  fron^  fiSeliAg.  as-  if  their  hands  wieni 
tied  while  held  below;  but  this  act  is  most  hurtful,  because  any 
I>art  of  the  body  kept  out  of  the  water,  in  addition  to  the  face 
which  must  be  so,  requires  an  effort  to  support  it  wliich  the  in* 
dividual  is  supposed  at  the  time  incompetent  to  iJbrdl 

4tb.  Not  having  reflected,  that  when  addg  of  wood  oi^a&uniaii 
hoiy  is  floating  opright,.  with  okify  a  smdl  pMtioto  tfboMd»$ 
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siiff«ee^  in  i^ugh  water,  as  al-aaa,  erery  ware  ia  paasii^  mtiat 
cover  the  head  for  a  little  tiine,  but  will  again  leave  it  projeetiag 
in  tbe  interval.  The  practised  awimmer  chooaea  thia  interval 
for  breathing. 

5tb.  Not  knowing  the  importance  of  keeping  the  eheat  aafuH 
of  air  as  poaiible;  the  doing  which  haa  nearly  the  aame  efieet  aa 
tying  a  bladder  of  air  to  the  neck,  and  without  other  effort  wiH 
eause  nearly  the  whole  head  to  remain  above  the  water.  If  the 
cheat  be  once  emptied,  and  if  from  the  face  being  under  water 
the  person  oannot  inhale  again^  the  body  ia  then  specificaU|r 
heavier  than  Mrater,  and  will  sink. 

When  a  man  dives  far,  the  presadre  of  deep  wat«r  eompreasei, 
or  diminishes  the  bulk  of  the  air  in  his  chest,  and  hence  be  be* 
comes  really  heavier  than  water,  and  would  not  again  rise,  but 
ibr  the  exertion  of  swimming.  The  author  once  saw  a  aailor  (a 
fine*bedied  Weat-Indian  negro)  fall  into  the  calm  sea  from  a  yard 
arm  eighty  feet  high.  The  velocity  waa  so  great,  that  he  ahot 
deep  into  the  water  immediately,  and,  of  course,  his  cheat  waa 
eompressed  aa  now  explained:  probably  also  the  shook  stunned 
him,  for  although  he  was  an  excellent  swimmer,  he  only  moved 
hia  arms  feebly  once  or  twice,  and  was  then  seen  gradually  sink- 
ing for  a  long  time  afterwards,  until  he  disappeared,  as  a  blaek 
and  distant  speck,  towards  the  unknown  regions  of  the  abyss. 

It  is  not  to  be  expected  that  every  person  should  learn  to 
awim;  but  ertry  one  who  makes  voyages,  should  have  praetiaed 
the  easy  lesson  of  resting  in  the  water  with  the  face  out  The 
head,  from  the  large  quantity  of  bone  in  it,  is  a  heavy  part  of 
the  body,  yet  a  little  action  of  adjustment  with  the  hands  eaaiiy 
keeps  it  uppermost;  and  there  is  an  accompanying  motion  of  the 
feet,  called  treading  the  water,  not  difficult  to  leam,  which 
auataina  the  entire  head  above  the  surface.  Perhaps  the  whole 
of  the  seiventy  passengers  who  were  swallowed  up  on  the  sudden 
sinking  of  the  Comet  atsam-boat  near  Greenock,  in  November 
\B2B,  might  have  been  aaved  in  the  boats  which  so  soon-  went 
to  their  aaaiatance,  bad  they  known  the  truth  which  we  areamr 
explaining. 

Mm 
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la  havf  ng  to  swim  fSu*,  a  man  may  rest  on  hia  baek  for  a  time^ 
and  resume  his  labour  when  be  is  aomewbat  refreshed. 

So  little  is  required  to  keep  a  man's  whole  head  above  water^ 
that  many  individuals,  altogether  unacquainted  with  what  re* 
gards  swimming  or  floating,  have  been  saved  after  shipwreck, 
by  catching  hold  of  a  few  floating  chips  or  broken  pieces  of  wood. 
An  oar  will  suffice  as  a  support  to  half  a  dozen  people,  if  no  one 
of  the  number  attempts  to  keep  more  than  his  head  out  of  the 
water;  but  from  each  wishing  to  have  a  good  ahare  of  the  secu- 
rity it  is  often  rendered  less  useful  than  it  might  be. 

A  common  life-preserver  consists  of  strings  of  corks  put  round 
the  chest  or  neck;  or  of  an  air-tight  bag  applied  round  the  up- 
per part  of  the  body,  and  which  can  be  filled  by  the  person 
blowing  into  it  through  a  valved  pipe. 

'  On  the  great  rivers  of  China,  where  thousands  of  people  find 
it  more  convenient  to  live  in  covered  boats  upon  the  water, 
than  in  houses  on  the  shore,  the  younger  male  children  have 
a  hollow  ball  of  some  light  material  attached  constantly  to  their 
necks,  so  that  in  their  frequent  flails  overboard,  they  are  not  in 
danger. 

Life-boats  have  a  large  quantity  of  cork  mixed  in  their 
structure;  or  of  air-tight  vessels  of  thin  copper  or  tin  plate,  so 
that  even  when  the  boats  are  filled  with  tvater,  a  consideraUe 
part  still  floats  above  the  general  surface. 

Swimming  is  much  easier  to  quadrupeds  than  to  man,  because 
the  common  motion  of  their  legs  in  walking  and  running  is  that 
which  best  supports  them  in  swiipming.  Man  is  the  most  help- 
less of  creatures  in  water.  A  horse  can  carry  his  rider  with 
half  the  body  out  of  the  water;  dogs  that  have  never  been  in 
water  before,  awim  well  on  the  first  trial.  Swans,  geese,  and 
water-fowls  in  general,  are  so  bulky  and  light,  by  the  great 
tiitckness  of  feathers  under  them,  that  they  float  upon  the  wa- 
ter  like  stately  ships,  moved  by  their  webbed  feet  as  oars. 

A  man  in  deep  water  may  walk  upon  broken  glass  with  im* 
panity,  because  his  weight  is  supported  by  the  water. 

But  mi^ny  men  have  been  drowned  in  attempting  to  wade 
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aerow  the  fords  of  riven,  fircHii  forgetting  that  the  body  is  sup- 
ported by  the  water,  and  does  not  press  on  the  bottom  suffi- 
ciently to  give  a  sure  footing  against  a  very  trifling  current 
A  man  therefore,  carrying  a  weight  en  his  head  or  shoulders, 
may  safely  pass  a  river,  where  without  a  load,  he  would  be 
carried  down  in  the  stream. 

There  is  a  mode  of  catching  wild  ducks,  practised  in  China, 
which  requires  that  the  catcher  be  well  loaded  or  ballasted. 
Light  grain  being  first  strewed  upon  the  surface  of  the  water 
to  tempt  them,  a  man  hides  himself  in  the  midst  of  it,  under 
what  appears  a  gourd  or  basket  drifting  with  the  stream,  and 
when  the  flock  approaches  and  surrounds  him,  be  quickly  ob- 
tains a  rich  booty  by  snatching  the  creatures  down  one  by  one — 
making  them  appear  as  if  they  were  diving,  and  then  securing 
them  below.  Each  bird  becomes  as  a  piece  of  cork  attached  t6 
his  body. 

Fishes  can  change  their  specific  gravity,  by  diminishing  or 
increasing  the  size  of  a  little  air-bag  contained  in  their  body. 
It  is  because  this  bag  is  situated  towards  the  under  side,  that  a 
dead  fish  floats  with  the  belly  uppermost 

Animal  bodies,  in  undergoing  the  process  of  putrefaction, 
give  out  much  aeriform  substance.  Hence  the  bodies  of  drown- 
ed persons  generally  swell  after  a  time,  and  rise  to  the  surface, 
again  to  sink  when  the  still  increasing  quantity  of  air  shall  burst 
the  containing  parts. 

A  body  floats  to  the  same  depth  whether  the  mass  of  fluid 
supporting  it  be  great  or  small: — a  porcelain  basin  tiSt  instance, 
whether  placed  in  a  pond,  or  in  another  basin,  so  little  larger 
than  itself,  that  a  spoonful  or  two  of  water  suffices  to  fill  up  the 
interval  between  them.  One  ounce  of  water  in  this  way  may 
float  a  thing  of  a  pound  weight,  exhibiting  another  instance  .of 
the  hydrastaiic  paradox:  and  if  the  largest  ship  of  war,  ready 
for  sea,  were  received  into  a  dock,  or  case,  so  exactly  fitting  her 
that  there  were  only  half  an  inch  of  interval  between  her  and 
the  wall  around,  she  would  float  as  completely  when  the  few 
hogsheads  of  water  required  to  fill  this  little  interval  up  to  her 
usual  water-mark  were  poured  in,  as  if  she  were  on  the  high 
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sea.  In  some  canal  loeks,  the  boi^  jiwt  fill  the  wpnot  m  frhteh 
they  have  to  rise  and  faii^  and  thus  the  expeote  of  water,  at  A» 
lock  is  diminished. 

A  floaiting  body,  to  be  staUe  in  its  position,  ntutt  either  hove  its 
centre  of  gravity  below  the  centre  of  gravity  of  the  fluid  whiob 
it  disphces — called  the  eentPe  0/ buoyancy^  or  it  mast  have 
a  broad  bearing  on  the  water,  so  that  any  inclinatton  may 
catise  the  centre  of  gravil;  to  ascend. 

Hence  arises,  in  the  stowing  of  a  ship's  cargo,  the  necessity 
of  putting  the  heavy  noerchandize  underneath,  and  generally  of 
puttii^;  iron  ballast  under  all  the  merchandize.  Heuce,  also^ 
the  danger  of  having  a  cargo  or  ballast  which  is  liable  to  shift  its 
place*  A  ship  loaded  entirely  with  stones^  is  sometimes  lost,  by 
a  wave  making  her  incline  for  a  moment  so  much  that  the  load 
shifts  to  one  side,  which  is  then  kept  down.  For  a  similar  rea- 
8oa»  a  eacgo  of  salt  or  sugar  has  a  certain  danger  attached  to  it,- 
for  if  tbe  ship  leak,  the  cargo  may  be  dissolved,  and  then  pump- 
ed out  with  the  bilge  water,  altering  her  trim.  In  a  fleet  com- 
ing home  from  India  in  1609,  four  fine  ships  were  lost  in  a  hur-^ 
ficane  off  the  Isle  of  France,  and  from  what  happened  to  the 
others  ships  that  were  saved,  the  cause  was  supposed  to  be>  that 
the  salt-petre  of  the  cargoes  had  been  dissolved  and  pumped  out, 
and  that  the  ships  in  consequeiite  became  unmanageable* 

Bladders  used  by  beginners  in  swimming  are  dangerous^ 
voless  secured  so  as  not  to  shift  towards  the  lower  part  of  the 
body. 

A  great  inventor  (in  his  own  estimation)  published  to  the 
world,  that  he  had  solved  the  important  problem  of  walking 
safely  ^ipon  the  waterf  and  he  invited  a  crowd  to  witness  his 
first  essay.  He  stepped  boldly  upon  the  wave^  equipped  in  a 
pair  of  bulky  cork  boots,  which  he  had  previously  tried  in  a  butt 
ct  water  at  home:  but  it  soon  appeared  that  he  had  uQt  pondered 
foActently  on  the  centres  of  gravity  and  of  flotation,  for  in  tbe 
99fit  instant  all  that  was  to  be  seen  of  him  was  a  pair  of  hag^ 
iftiekiftg  out  of  tbe  water.     He  was  fAcked  up  by  help  at  haad^ 


Mfjl  wiih  his  geeim  ooolmi  and  scbBoledlijr  the  crvMi^  was  eaop- 
dwtJod  lioa&<*-<Some  floUkm  once  SaMog  a  few  QoikjmkeiM 
amoftig  old  miUtery  slorrsi  determined  to  try  Ihesi;  but  m»^ 
taking  the  aAiealder  atnipe  for  lewer  £iBteniiig%  they  put  them 
M  M  drav>9T$j  aoft  'oo  then  plimgiog  in,  with  the  hbpe  of  he- 
itig  able  to  ait  pleeffaotjy  on  the  water,  their  heavy  heads  went 
down,  and  they  wave  nearly  drowned. 

When,  on  the  return  off  aummer,  the  ice  %FeakB  up  in  the  po- 
htr  regions,  immense  islands  are  set  afloat,  rising  high  into  the 
air  and  sinking  deep  into  the  sea.  The  melting  process,  in 
most  cases,  does  not  go  on  equally  in  the  water  and  in  the  air, 
and  from  the  mass  consequently  changing  form,  its  stability  is 
often  lost,  and  one  of  the  grandest  phenomena  in  nature  follows 
—the  overturning  of  a  mountain — ^tfae  sudden  subversion  of  an 
island — producing  a  tumult  in  the  ocean  around,  feh  often  at  the 
distance  of  many  leagues. 

The  phenomena  of  pressure,  bating,  &c.  in  fluids,  vary  in  ex* 
i^t  proportion  to  the  weight  or  specific  gravity  of  the  fluid. 

A  ship  draws  less  water,  or  swims  lighter,  by  one  thiity- 
fi<&,  in  the  heavy  salt  water  of  the  sea  than  in  the  fresh  water 
)rf  a  river;  and  for  the  same  reason  a  man  supports  himself  in 
swimming  more  easily  in  the  sea  than  in  a  river. 

Many  kinds  «f  wood  that  float  in  water  will  sink  in  oil* 

A  man  floats  on  mercury  as  the  lightest  cork  does  on  water^ 
and  with  practice  be  might  be  able  to  walk  upon  mercury. 

Had  the  water  of  our  ocean  been  but  a  little  heavier  than  it 
is,  men  after  shipwreck  might  have  died  of  famine  and  oold^ 
but  would  not  have  be^i  drowned* 

Oil  floats  on  water,  but  sinks  in  alcohol  or  ether.  The  term 
proof  spirit  meana  spirit  light  enough  for  oil  to  sink  in  it. 
The  strength  of  spirit  is  proportioned  to  its  lightness. 

Cream  rises  in  milk,  and  forms  a  covering  to  it. 

Blood,  allowed  to  rest  after  flowing  from  the  living  bod/,  se- 
parates into  parts,  which  arrange  themselves  according  to  their 
specific  gravities.  The  bufiy  coat  of  inflammation  (where  this 
eaisti}  is  uppermost^  then  comes  the  general  coagulum;  at  the 
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lower  part  of  tiiis  there  is  an  accumuktion  of  red  globtflea;  lMi4 
the  whole  of  the  coagulum  or  crassameatuin  floats  io  the  seruniy 
which  ia  therefore  lowest  of  all.     WboD  the  red  globules  escape 
from  the  coagulum  they  fall  to  the  bottom  even  of  the.  serum.  . 
Wine  if  slowly  and  carefully  poured  oa  water>  will  float  upoft 
it     In  a  vessel  shaped  like  a  common  sand-glass^ 
but  having  a  larger  opening  between  the^hambem 
at  c,  if  wine  be  put  into  the  under  chamber,  and 
water  into  the  upper,  the  two  liquids  will  changs 
places:  and  if  the  lower  half  of  the  glass  be  cover? 
ed,  so  as  to  leave  the  upper  half  with  the  appear- 
ance of.  a  simple  goblet,  the  water  will  seem  to 
have  been  changed  into  wine.     The  liquids  are 
less  mixed,  and  change  places  sooner,  when  there 
is  a  tube  b  to  carry  the  water  down  to  the  bottom  before  touch- 
ing  the  wine,  and  a  tube  a  to  carry  the  wine  directly  to  the  top^ 
Mercury,  water,  oil,  air,  and  some  other  fluids  may  all  be 
shaken  together  in  the  same  vessel,  and  on  standing  will  sepa- 
rate and  arrange  themselves  in  the  order  of  their  specific  gravi- 
ties. 

When  in  a  mass  of  water,  part  of  it  is  heated  more  than  the 
rest,  that  part,  by  its  expansion,  becomes  specifically  lighter 
than  the  rest,  and  then  rises  to  the  surface.  Hence,  when  heat 
is  applied  to  the  bottom  of  a  vessel  containing  water,  there  is  a 
circulation  established,  whicn  goes  on  from  the  first  moment 
until  the  operation  of  heating  finishes: — water  is  always  rising 
from  the  hotter  parts  of  the  vessel,  and  descending  over  the 
colder  parts. 

In  like  manner,  when  a  tall  glass  of  hot  water  is  dq^Md  into 
cold  water,  a  downward  current  takes  place  within  the  glass 
near  the  sides  all  round,  and  there  is  an  upward  current  in  the 
middle.  The  motion  is  rendered  very  obvious  by  small  por- 
tions of  amber  thrown  into  the  water,  for  these  being  nearly  of 
the  specific  gravity  of  water,  rise  and  descend  with  it  On  ac- 
count of  the  current  established  in  such  cases,  heat  applied  te 
the  bottom  of  a  vessel  of  liquid  is  soon  equally  difiiiwd  aver 
it;  but  heat  applied'  at  the  top  is  there  confined,  because  the 


TJsVTD  SlJ^MRt  AKOiHa  FLUIDS. 


079 


heated  and  lighter  fldid  does  not  descend.  Water  may  be  made 
to  boil  at  the  surface,  while  a  piece  of  ice  lies  at  the  hpttom. 
The  converse  is  impossible. 

The  current  in  a  fluid,  produced  by  local  change  of  tempera- 
ture, is  an  important  part  of  the  following  process,  which  the 
author  deems  applicable  to  •various  useful  purposes. — Heat  may 
be  transferred  from  one  liquid  to  another,  without  mining  them 
by  making  the  hot  liquid  descend  in  a  very  thin  metallic  tube, 
through  the  cold  liquid  rising  around  it  in  a  larger  tube.  Boil- 
ing  water  from  the  vessel  e,  for  instance,  may  descend  slowly 

by  die  small  tube  e  ab 
/,  which  is  surrounded 
from  a  to  ft  by  cold  wa- 
ter ascending  through  the 
tube  c  gn    Then  as  the 
temperature  of  two  li- 
quids which  are  brought 
so  nearly  in  contact  with 
each  other,  will  not,  af- 
ter a  very  short  time  dif- 
fer in  any  one  place  more 
than  a  few  degrees,   it 
follows  that   the  water 
lately  cold,  will  on  leaving  the  part  of  the  tube  g,  which  is  in 
(Contact  with  the  boiling  water  descending  directly  from  e,  be 
nearly  boiling,  while  the  water  lately  hot,  will  on  leaving  the 
tube  at  by  which  is  in  contact  with  cold  water  just  arrived  from 
h,  be  itself  nearly  cold:  and  thus  equal  quantities  of  hot  and 
cold  water  will  have  exchanged  temperatures.    The  flux  of  the 
hot  water  is  to  be  regulated  by  a  cock  ft,  and  that  of  the  cold 
water  by  a  cock  A.     The  water  in  the  part  of  the  tube  cgd  rises, 
because  it  is  hotter  and  lighter  than  that  in  the  part  h  c. — ^The 
auth(^  believes  that  an  apparatus  made  on  this  principle,  with 
an  arrangement  of  many  thin  flat  tubes  instead  of  a  single  large 
tobe,  lor  tfie  descending  fluid,  and  a  i^cious  box  eg  to  contain 
tliese  and  the  rising  fluid,  would  be  an  excellent  refrigerator  in 
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a  distiUitig  jtppftratQSy  9ttd  for  eeoliag  the  iroit  of  biewers;  w 
would  serve  as  a  means  of  dimiaiahing  the  expense  of  warot 
baths,  by  transferring  the  heat  from  the  water  lately  used,  to 
pure  water.  In  distilling  tfie  uHuh  or  lat»  wines  about  to  en- 
ter the  still,  might  be  used  as  the  eold  eondensing  fluid  to  sur- 
round the  wcH*m  or  vapour-tubes,  and  thus,  without  expense^ 
would  be  heated  in  its  progress  to  the  stilL  Half  the  original 
expense  of  a  great  porter  Ivrewery  is  in  the  construction  of  the 
numerous  water-tight  floors  on  which  the  hot  wort  is  thinly 
spread  to  cool. — And  the  practise  of  warm  bathing,  so  condu« 
Qive  to  health,  is  leas  common  in  this  country,  because  the  pre- 
sent expense  is  so  great 

It  is  a  general  truth  in  nature,  that  substances  contract  in  size 
as  they  cool.  There  is,  however,  in  water,  a  curious  exception 
to  this  rule,  which,  operating  through  the  principle  of  specific 
gravities,  efiects  most  important  purposes  in  the  economy  of 
nature.  Water  contracts  only  down  to  the  temperature  of  forty 
degrees,  below  which,  towards  thirty-two  degrees,  or  the  freeis- 
ing  point,  it  goes  on  dilating  again,  and  as  ice  is  much  lighter 
than  as  a  fluid.  Ice  therefore  floats  on  the  surface  of  water,  and 
being  a  very  bad  conductor  of  heat,  defends  the  water  underneath 
from  the  cold  air,  preserving  it  liquid,  and  a  fit  dwelling  for 
the  finny  tribes,  until  the  return  of  the  mild  season.  Not  only 
is  the  extreme  of  cold  below  thus  prevented,  but  because  water 
becomes  more  bulky  in  proportion  as  its  temperature  falls  under 
forty  degrees,  very  cold  water  remains  floating  on  the  surface 
of  a  wintry  lake,  as  cream  floats  on  milk,  and  preserves  under- 
neath that  warmth  which  is  agreeable  to  the  fishes,  just  as  very 
hot  water  in  summer  remains  uppermost,  preserving  underaeatli 
an  agreeable  coolness.  By  the  formation  then  of  ice  and  snow, 
nature  has  prepared  a  winter  garb  for  the  inhabited  lakea  and 
rivers,  as  complete  and  efTectual  as  she  has  for  the  terrestrial 
animals,  by  the  pmodical  thickening  of  their  wool  or  fur« 
Had  ice  become  heavier  than  water,  so  that  it  must  have  fallen 
to  tiie  bottom,  and  have  left  the  aur&ce  without  protection,  a 
deep  lake  would  haine  been  frozeut  in  European  winters,  into  « 
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solid  lifeless  mass,  which  summer  suns  would  no  more  have 
melted  than  they  now  do  the  glaciers  of  Switzerland.  But  for 
this  important  exception,  therefore^  to  a  general  law  of  nature^ 
many  of  the  now  most  fertile  and  lovely  portions  of  the  earth's 
surface  would  have  remained  for  ever  barren  and  uninhabited 
wastes. 


No 
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DOCTRINE  OF  FLUIDS. 


SECTION  n— PNEUMATICS. 


ANALYSIS  OF  TBB  IXCTZON. 

£n  aertformJUdda,  that  ia,  in  meh  a$  hoot  their  partieUs  held  far  tq^art  by  a  nnUual 
rqnUnon,  which  yielde,  however  ^  to  any  force  applied,  ao  that  the  tnaaaauffera 
great  change  qfvohime  under  different  degreea  ofcompreaaion,—4he  phenomena 
will  be  modified  by  their  grbat  lightitesi  and  BLArriciTr,  but  will  atill  be 
in  atriet  accordance  with  the  general  properiiea  qfjhuda  alreatfy  explained, 

vis.  PRBSStmE  EQUAL  IN  ALL  DIRECTIONB — ^PRESSURE  AS  THE  DEPTH— LEVEL 

SURFACE,  and  fluid  support.  TTiepreaawre  of  air,  in  all  direetiona,  and  aa 
the  depth  may  be  atudied  in  the  effeeta  ofowr  atmoaphere^-^n  solids— on  liquids: 
— or  when  it  coneura  wiih  heat,  in  producing  the  phenomena  <2f  boiling,  evs- 
porttion,  clouds,  rain,  dew,  fcc.  or  when,  by  varying  m  degree,  it  aUowa  cer' 
tain  aubataneea  to  exiat  aometimea  in  the  liquid  and  aometimea  in  the  seriform 
atatea,  7%ejhnd  aupport  in  air  ia  exemplified  by  balloons,  the  ascent  of  flame 
and  smoke,  winds,  fye. 

What  a  change  has  taken  place  in  the  degree  of  man's  know* 
ledge  of  nature,  since  philosophers  thought  that  air  was  one  of 
four  primary  elements,  yiz.  aiTf  fire^  watery  and  earthy  of 
which  all  things  were  composed,  and  each  of  which  was  for 
ever  distinct  from  the  others.  We  now  know  that  air  or  gas  is 
merely  an  accidental  state,  in  which  any  body  may  exist,  ac- 
cording to  the  quantity  of  heat  pervading  it:  the  body  being  solid 
when  the  absence  of  heat  allows  its  atoms  to  obey  freely  their 
mutual  attraction,  and  to  cohere — as  in  ice,  for  instance;  being 
liquid,  when  so  much  heat  is  present  as  to  separate  them  and 
let  them  slide  freely  among  each  other — as  they  do  in  water; 
and  being  aeriform  when  still  more  heat  is  added,  causing  the 
atoms  mutually  to  repel  and  dart  asunder  to  a  great  distance — as 
they  do  in  steam.     But  in  any  one  of  these  three  states,  the 
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various  substances  are  as  much  themselves  as  in  the  others,  and 

at  the  command  of  the  chemist  will  assume  any  of  the  forms 

which  he  desires.     As  most  substances  in  nature  have  a  different 

delation  to  heat,  there  are  some  in  the  variety  which  at  the  me* 

dium  temperature  of  our  earth  are  solid,  some  which  are  liquid, 

and  some  aeriform.     The  solids,  in  general,  are  the  heaviest 

under  a  given  volume,  and  therefore  sink  down  and  form  the 

great  mass  or  centre  of  the  earth;  the  liquids  follow  next  in 

order,  and  float  upon  this  solid  centre,  filling  up  its  inequalities 

with  a  level  surface,  so  as  to  constitute  the  ocean;  while  the  airs 

are  the  lightest  of  all,  and  as  a  second  ocean,  rest  above  the  sea 

and  above  the  highest  mountains  to  an  elevation  of  about  fifty 

miles.     There  are  two  substances,  in  particular,  of  which  it  is 

the  nature^  when  not  restrained  in  certain  combinations,  to 

assume  the  form  of  air  at  very  low  temperatures,  viz.  oxygen 

and  nitrogen^  and  of  these,  therefore,  the  atmosphere  chiefly 

consists;  but  smaller  portions  of  almost  every  other  substance 

are  found  in  it.     Water,  among  the  supplementary  matters,  is 

much  more  abundant  than  any  of  the  others,  and  in  its  various 

states  of  cloud,  mist,  rain,  dew,  and  snow,  it  answers  a  thousand 

useful  purposes,  and  serves  beautifully  to  vary  the  scenes  of 

nature.     The  atmosphere  is  about  fifty  miles  high  or  deep,  and 

therefore,  in  relation  to  the  bulk  of  the  earth,  is  as  a  covering  of 

one-tenth  of  an  inch  in  thickness  to  a  common  library  globe  of 

a  foot  in  diameter. 

The  atmospheric  ocean  is  the  great  laboratory  in  which  most . 
of  the  actions  of  life  go  on,  and  on  the  composition  of  which 
they  depend.  A  human  being  requires  for  breathing,  a  gallon 
of  fresh  air  every  minute,  dying  equally  if  deprived  of  it,  or  if 
confined  to  the  same.  All  other  animals  also  require  fresh  air 
but  in  various  proportions.  And  in  the  vegetable  creation,  the 
beautiful  green  leaf  and  delicate  flower  are  merely  broad  and 
tender  expansions  of  surface  for  the  contact  of  the  vivifying  air. 
Animals  give  out  to  the  atmosphere  a  substance  which  vegeta- 
bles absorb,  and  vegetables^  by  the  absorption,  fit  the  air  again 
for  the  use  of  animals;  so  that,  upon  the  whole,  in  the  various 
changes  of  nature,  there  is  a  perfect  balancing  of  actions  pre- 
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mmnmg  the  ataiotpheric  mass  in  a  uniform  stated  cooatantly  fil 
fior  its  admirable  purposes. 

While  the  ancients  had  that  notion  of  air,  which  made  them 
apply  to  it  vaguely,  and  almost  indiierently,  the  names  of  air, 
</Aer,  spirii,  hreathj  Hfe^  &c.,  they  never  dreamed  of  making 
experiments  upon  it,  with  a  view  to  prove  its  relation  to  com* 
mon  matter : — and  one  of  the  most  beautiful  portions  of  the 
history  of  man's  progress  in  knowIedge>  is  that  which  exhibits 
Ifte  light  gradually  breaking  in,  in  modern  times,  upon  this 
most  interesting  subject  Galileo  diseovered  that  air  made  a 
definite  pressure  upon  things  at  the  surface  of  the  earth;  Torri- 
eefli  and  Pascal  proved  that  this  was  occasioned  by  its  weight, 
and  they  measured  the  height  of  the  aerial  ocean;  Priestly^ 
Black,  Lavoisier,  and  others,  dicovered  that  air  might  be  qnited 
to  a  metal,  so  as  to  increase  its  weight,  and  to  produce  a  com* 
pound  of  totally  new  qualities;  and  they  showed  that  many  of 
the  ores  of  our  mines  are  merely  m^Xg!^  concealed,  by  being 
tibus  united  with  a  substance,  which  when  set  free  ascends  as 
one  of  the  ingredients  of  the  atmosphere.  They  at  last  analy* 
zed  the  atmosphere  itself,  and  exhibited  its  ingredients  as  dis- 
tinct substances,  having  each  peculiar  properties.  Within  a 
few  years  the  true  nature  of  air  or  gas  has  been  thoroughly  in- 
vestigated. We  can  now  take  a  little  of  that  most  light,  invisi* 
ble,  impalpable  fluid  which  we  breathe,  and  squeezing  the  heat 
out  of  it  by  strong  pressure,  we  can  make  its  particles  collapse 
from  their  aeriform  distances  to  assume  the  state  of  a  tranquil 
pily  6uid;  which  may  then  be  retained  as  such  for  ever,  or  may 
be  decomposed  and  made  solid  in  combination  with  Qther  bodies, 
or  may  be  again  set  at  liberty. 

The  suspicion  once  excited,  that  air  was  as  much  a  material 
fluid  as  water,  only  much  less  dense,  by  reason  of  a  greater 
separation  and  repulsion  of  the  particles,  it  was  easy  to  follow 
out  the  parallel,  and  to  confirm  the  supposition  by  reierence  to 
the  commonest  facta.  The  motion  of  a  fiat  board  is  resisted  in 
water:  the  motion  of  a  fan  is  resisted  in  the  air.  Masses  of 
wood)  sand,  and  pebbles,  are  rolled  along  or  floated  by  currents 
of  water:  chafi^  feathers  and  even  rooted  trees,  are  swept  away  by 
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eunrents  of  air.  There  ere  mills  drireo  by  wtter :  and  there  tra 
milk  driTen  by  tbe  wind.  Oil  aef  free  under  the  lurface  of  w»^ 
ter,  or  placed  there  in  a  bladder,  riaes  to  the  surface:  smoke  or 
hot  air,  and  hydrogen  gas  in  a  ballooo,  rise  in  the  air.  A  fish 
swims  by  its  fins  in  water:  a  bird  flies  by  its  wi^gs  in  the  air* 
But  on  taking  water  from  the  vessel  in  whioh  a  fish  swims>  tbe 
creature  falls  to  the  bottom,  and  gaqw  a  few  moments,  and  dies: 
so,  on  exhausting  the  air  from  a  vessel  in  which  birds  or  butter- 
flies are  enclosed,  their  useless  wings  for  a  time  will  flap;  but  if 
the  cruel  experiment  be  continued,  they  will  aooa  become  mo- 
tionless and  for  ever. 

We  proceed  now  to  prove  that  air  or  gas^  as  a  fluid,  differs 
from  the  other  fluids  which  we  call  liquids,  only  in  the  two  cij> 
comstances  of  extreme  lightness  or  rarity,  and  of  being  very 
extensively  elastic,  that  is  to  say,  the  particles  being  so  related, 
that  pressure  brings  them  much  more  nearly  into  contact,  and  on 
ceasing,  allows  them  to  regain  their  former  distance. 

Lightness  of  Mr. 
The  lightness  or  rarity  of  atmospheric  air,  as  it  is  found  on 
the  general  surface  of  the  earth,  is  such,  that  if,  by  the  action 
of  a  pump,  a  bag  of  it  holding  a  cubic  foot,  be  emptied  into  the 
copper  ball  of  an  air-gun,  the  bait  weighs  about  an  ounce  and  a 
quarter  more  than  before..  The  sanie  volume  of  water  weighs 
nearly  one  thousand  ounces;  so  that  common  air  is  about  eight 
hundred  times  lighter  than  water.  Other  gases,  or  substances 
in  the  aeriform  state,  have  their  various  specific  gravities,  just 
as  the  same  substances  have  when  liquid  or  solid.  Thus  water 
in  the  form  of  air,  and  with  the  density  which  it  has  under  the 
piston  of  a  common  steam-engine,  is  little  more  than  half  as  hea- 
vy as  common  air:  hydrogen  is  only  one -fourteenth  part  as 
heavy:  and  carbonic  acid  gas,  which  is  the  air  that  rises  out  of 
soda  water,  or  brisk  ale,  or  champaigne  wine,  is  so  much  heavi- 
er, that  even  in  the  atmosphere,  it  may  be  poured  out  of  one 
open  vessel  into  another,  as  a  liquid  might,  or  more  exactly  as 
water  might  be  poured  out  under  oil. 

JBlasUcUy  qf  Mr. 
A  small  bladder  full  of  air  may  be  pressed  or  squeezed  be- 
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tween  the  bands  until  it  is  much  reduced  in  size,  and  on  relier- 
ing  it  from  the  pressure  it  will  immediately  resume  its  former 
bulk. 

If  a  metallic  tube  or  barrel  of  perfectly  uniform 
^  bore,  a  b,  and  closed  at  b,  be  fitted  with  a  move- 

able plug  or  piston  e,  which  is  covered  with  leather 
and  oiled,  so  as  to  slide  up  and  down  without  al- 
lowing the  air  to  pass  by  its  sides,  the  air  between 
the  piston  and  the  close  bottom  b  may  be  com- 
pressed to  a  hundredth  or  less  of  its  usual  bulk; 
but  when  allowed,  will  push  the  piston  back  again 
with  the  same  force  as  it  opposed  to  the  condensa- 
tion, and  will  recover  the  volume  which  it  had  be- 
fore the  experiment 
Again,  if  the  plug  at  the  commencement  of  the  experiment 
were  only  an  inch  from  the  bottom,  on  drawing  it  up  to  the  top, 
the  inch  of  air  beneath  it  would  expand  so  as  to  occupy  the 
whole  tube,  having  become,  of  course,  proportionally  less  dense. 
If  the  question  were  proposed  here,  why  the  air,  which  ad- 
mits of  such  various  density,  is  found  to  have  that  certain  de- 
gree of  it  met  with  at  the  surface  of  the  earth  ?  we  answer,  that 
as  the  water,  in  any  place  near  the  bottom  of  the  ocean,  is 
pressed  with  force  exactly  proportioned  to  the  quantity  of  water 
above  it,  so  the  air  at  the  surface  of  the  earth  bears  the  pressure 
of  the  superincumbent  mass  of  air,  and  then,  on  account  of  its 
extensive  elasticity,  like  the  lowermost  bags  of  cotton  or  wool 
in  a  great  heap,  it  suffers  that  degree  of  compression  which  the 
superincumbent  mass  is  calculated  to  produce.  We  shall  see 
below,  that  the  density  of  the  air  near  the  earth  is  changing  with 
every  circumstance  which  affects  the  weight  of  the  atmosphere 
above,  as  winds,  clouds,  rain,  &c.,  and  that  it  bears  relation  to 
the  altitude  of  the  place  of  observation. 

The  tube  with  its  piston,  described  as  above,  furnished  with 
valves,  becomes,   according  to  the  position  of  its  valves, 
either  a  syringe  for  condensing  air,  or  a  pump  for  exhausting 
or  removing  it  from  any  vessel;  both  operations  depending  on>» 
the  elasticity  of  air. 
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A  barrel  and  piston  is  a  condensing  syringCj  when,  in  a  pas- 
sage of  communication  between  the  bottom  of  the  syringe  and  a 
receiving  vessel,  there  is  a  flap  or  valve  allowing  air  to  pass  to- 
wards the  receiver  but  not  to  return.  The  piston,  therefore,  at 
each  stroke  forces  the  fill  of  the  barrel  of  air  into  the  receiver. 
When  the  piston  is  lifted  again  after  the  stroke,  air  re-enters  the 
barrel  from  the  atmosphere,  either  through  a  valve  in  tiie  pis- 
ton, or  through  a  small  hole  near  the  top  of  the  barrel. 

That  useful  contrivance,  a  valve,  for  whatever  purpose  used, 
and  in  whatever  way  formed,  is  in  principle  merely  a  moveable 
flap,  placed  on  an  opening,  against  which  it  is  held  by  its 
weight,  or  by  some  other  gentle  and  yielding  force.  Such  a 
flap,  it  is  evident,  will  allow  fluid  to  pass  only  in  one  direction, 
vi%,  outwards  from  the  opening,  for  fluid  tending  inwards  must 
shut  the  flap,  and  press  it  the  closer,  the  greater  the  tendency. 

To  convert  a  forcing  syringe  or  pump  into  an  exhausting  sy- 
ringe or  pump,  commonly  called  an  air  pump,  it  is  only  neces- 
sary to  reverse  the  position  of  the  valves:  then,  on  the  descent 
of  the  piston,  all  the  air  between  it  and  the  bottom,  instead  of 
entering  the  vessel  as  in  the  last  case,  escapes  by  a  valve  in  the 
piston  itself  towards  the  atmosphere,  and  on  the  rising  of  the 
piston,  a  perfect  vacuum  would  be  left  under  it,  but  that  the 
valve  below,  then  opened  by  the  elasticity  of  the  air  in  the  re- 
ceiver, allows  a  part  of  that  air  to  follow  it.  Thus,  at  each 
stroke,  a  quantity  of  the  air,  proportioned  to  the  size  of  the 
pump,  is  removed  from  the  receiver.    In  a  good  air-pump  there 

are  two  similar  pumping  bar- 
rels, a  and  &,  to  quicken  the 
operation  of  exhausting;  and 
both  pistons  are  worked  by  the 
reciprocating  action  of  the  same 
winch  or  handle  /,  turning  the 
pinion  «,  which  acts  on  the 
teeth  of  the  piston  rods  d  and 
e.  Both  pumps  communicate 
with  a  tube  g  A,  which  at  h 
rises  tightly  through  the  round 


plate  of  the  riuchioe  to  t .  Tht#  flat  pliite  is  so  smooth,  that  a 
glass  bell  or  receiver  k^  with  a  smooth  ground  lip»  wbea  placed 
upon  it^  forms  all  alNtight  joining.  On  working  the  pump, 
inch  a  bell  is  exhausted  of  its  air^  and  fitted  for  showing  the 
many  interesting  pheboibena  which  the  air-pump  can  display; 
and  which  will  pass  under  review  as  we  proceed.  The  sup* 
porting  frame-work  of  the  pump  is  not  shown  here. 

The  law  of  the  elasticity  of  air,  is,  that  its  spring,  or  resistance 
to  compretoioo,  is  proportioned  to  its  density,  or  the  quantity 
of  it  collected  in  a  given  space.  Hence,  by  finding  in  any 
case  either  the  density  of  the  air,  or  the  spring,  or  the  com- 
pressing force,  We  know  all  the  three* 

It  has  been  ascertained  by  experiments  described  a  few  pages 
further  on,  that  in  the  atmospheric  ocean  surrounding  the  earth, 
there  are  nearly  fifteen  pounds  of  air  above  every  square  inch 
of  the  surface  of  the  earth:  while  the  air  near  the  earth,  and 
bearing  this  superincumbent  weight  or  pressure,  has  a  density 
indicated  by  about  an  ounce  troy  to  the  cubic  foot  We  further 
find  that  such  air  is  reduced  to  half  its  bulk,  or  becomes  of  double 
atmospheric  density,  by  an  additional  pressure  of  fifteen  pounds 
on  the  inch,  and  of  triple  density  by  triple  pressure,  and  so  forth; 
and  on  the  other  hand,  that  it  dilates  to  double  bulk  if  the  pres- 
sure be  diminished  to  half,  and  to  any  greater  bulk,  even  be* 
yond  a  thousand-fold,  if  the  pressure  be  diminished  in  a  cor- 
responding degree:  that  air  which  bears  a  given  force  or  pres- 
sure, acting  always  as  a  spring  with  that  force  on  whatever  it 
touches. 

'  It  is  very  important  to  be  familiar  with  this  truth  or  law,  for 
it  holds  with  respect  to  all  aeriform  fluids  as  well  as  common  air, 
and  dirows  light  therefore  on  the  action  of  steam-engines,  air- 
guns,  and  all  pneumatic  machines.  It  also  explains  the  condition 
of  our  atmosphere  as  to  density  at  various  elevations;  telling  us, 
for  instance,  that  when  a  balloon  has  risen  through  half  of  the 
atmospherical  mass,  the  air  around  it  will  be  of  only  half  the 
ftenai^  tvhich  exists  «t  the  surface  of  the  earth. 
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We  know  not  exactly  to  what  extent  the  rarefaction  of  air 
may  go  on  the  removal  of  pressare;  in  other  words,  at  what  dis* 
tance  the  gravity  of  the  particles  becomes  just  a  balance  to  their 
mutual  repulsion;  and  therefore  we  know  not  exactly  what  the 
degree  of  rarity  is  at  the  top  of  our  atmosphere;  but  we  see  that 
it  must  be  exceedingly  great,  from  the  fact  that  the  air  left  in 
the  receiver  of  an  air-^pump  has  still  spring  enough  to  lift  the 
valve  of  the  pump,  when  there  is  less  than  a  thousandth  of  the 
original  quantity  remaining.  In  the  most  perfect  air-pumps, 
that  the  exhaustion  may  be  as  complete  as  possible,  the  machine 
itself  is  made  to  raise  the  valve. 

The  expansion  of  air  is  well  illustrated  by  a  bladder,  with  a 
very  little  air  in  it,  placed  under  the  receiver  of  an  air-pump. 
On  exhausting  the  receiver,  the  bladder  gradually  swells,  and  at 
last  appears  quite  full:  it  will  lift  a  weight  laid  upon  it,  and  may 
even  burst  A  shrivelled  apple  treated  in  the  same  way  be- 
comes plump.  The  explanation  of  these  phenomena  is,  that  at 
first  the  air  in  the  bladder  or  apple  is  condensed,  like  all  air  at 
the  surface  of  the  earth  under  the  pressure  of  the  superihcum- 
bent  atmosphere;  but  its  volume  increases  as  that  pressure  is  dim* 
inished  by  the  air-pump: — it  is  rarefied  exactly  in  the  same 
proportion  as  the  air  which  remains  in  the  receiver  surround- 
ing it. 

In  the  ball  of  an  air-gun — which  is  a  strong  globular  vessel 
of  copper  attached  under  the  lock,  the  air  is  usually  condensed 
thirty  or  forty  times  as  much  as  in  the  atmosphere  around; 
hence  the  pressure  of  elasticity  tending  outwards  is  thirty  or 
forty  times  fifteen  pounds  on  the  inch,  and  when  the  valve  is 
opened  for  an  instant  by  the  action  of  the  lock,  air  issues  and 
propels  the  charge  with  this  force.  The  efiect  of  air  thus  con- 
densed nearly  equals  that  of  gunpowder,  and  one  charge  of  the 
ball  suffices  for  many  shots. 

If  A.  bottle  or  vessel  a  b,  partly  filled  with  water,  have  a  tube 
CTcT" 
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c  d  passed  tightly  through  its  eorjk  to  near  the 
bottom  of  the  water;  and  if  more  air  be  then 
forced  through  this  tube  in  any  way,  so  as  to  ac* 
cumulate  in  the  upper  part  of  the  vessel;  on  turn- 
ing the  cock  c,  which  opens  the  tube,  the  elasticity 
of  the  condensed  air  will  press  the  water  out  as 
a  beautiful  jet,  to  a  height  proportioned  to  the 
density  of  the  air.  Or  if  such  a  vessel,  with  air 
of  common  density,  be  placed  under  a  tall  air- 
pump  receiver,  on  working  the  pump  so  as  to 
diminish  the  density  of  the  air  in  the  receiver, 
the  jet  of  water  will  equally  arise. — A  table-lamp 
thus,  by  the  pressure  of  condensed  air,  may  be 
supplied  with  oil  from  a  reservoir  far  below  the 
wick:  and  lately  an  enema-syringe,  and  a  shower- 
bath  have  been  constructed  on  the  same  principle. 
The  elasticity  of  air  is  rendered  very  serviceable  in  connex- 
ion with  great  water-pumps,  such  as  those  used  for  the  supply 
of  cities.  A  pump  throws  its  water  by  a  distinct  gush  at  each 
stroke,  while  the  current  through  the  pipe  towards  the  city 
should  be  uniform.  Now  uniformity  is 
attained  by  causing  the  gushes  from  the 
pump  a  to  enter  by  b  at  one  side  of  a  large 
vessel  c,  of  which  the  upper  part  is  full  of 
condensed  air,  and  from  the  other  side  of 
which,  at  £f,  the  water  issues  on  its  way. 
The  air  in  this  vessel  (called  the  air-vessel) 
is  condensed  by  the  entering  water,  and 
its  resisting  elasticity  forces  the  water  along  the  pipe  d.  Each 
entering  gush  has  only  the  effect  of  compressing  the  air  a  little 
more  for  the  time,  while  the  flow  in  the  great  pipe  continues 
nearly  uniform.  The  pump  itself  is  made  to  take  in  a  little  air 
at  each  stroke,  so  that  not  only  is  the  vessel  always  supplied, 
but  some  air  is  constantly  passing  on  with  the  water,  and  effect- 
ing the  highly  useful  purpose  of  giving  an  elasticity  to  the  whole 
contents  of  the  pipe  and  its  ramifications. 
The  same  object  is  attained  by  the  same  means  in  the  fire- 
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engine  used  to  check  conflagration.  In  it  there  are  generally- 
several  water-pumps  working  togetlier,  which  throw  their  in- 
terrupted supply  into  an  air-vessel,  from  whence  it  passes  in  a 
uniform  jet  to  the  point  desired. 

The  compressibility  and  corresponding  spring  of  air  are  re- 
markably exhibited  in  that  singular  contrivance  of  modern 
times,  the  diving-bell^  in  which  men  now  descend  with  safety 
to  considerable  depths  in  the  ocean,  there  to  reside  and  labour, 
attaining  many  objects  of  high  importance  to  them: — they  re- 
cover sunken  treasures, — ^they  are  enabled  to  pursue  works  of 
submarine  architecture, — ^to  construct  light-houses  and  noble 
harbours,  where  formerly  no  foundations  could  have  been  laid, 
&c.  The  diving-bell,  in  point  of  utility,  has  proved  a  remarka^ 
ble  contrast  to  its  sister  invention — ^the  balloon,  which,  although 
so  wondrously  bearing  man  aloft  to  the  regions  of  the  clouds, 
takes  him  there  for  little  advantage,  and  often,  as  many  acci- 
dents have  proved,  with  danger  to  life. 

The  diving-bell  is  a  large  heavy  open-mouthed  vessel,  with 
accommodation  in  it  for  one  or  more  persons.  It  is  let  down 
into  the  water  with  its  open  mouth  undermost,  from  a  ship  or 
barge  fitted  for  its  service.  On  first  entering  the  water  it  ap- 
pears full  of  air;  but  air  being  compressible  according  to  the  law 
now  explained,  and  the  pressure  of  the  water  around  the  de- 
scending bell  increasing  with  the  depth,  the  volume  of  the  air 
gradually  diminishes,  and  at  thirty-four  feet  is  reduced  to  half. 
The  bell  is  then,  of  course,  half  full  of  water  (unless  more  air 
be  supplied,}  and  a  person  breathing  in  it,  at  each  inspiration 
receives  twice  as  much  air  into  the  lungs  as  whea  breathing  at 
the  surface.  A  constant  supply  of  fresh  air  is  sent  down  to  the 
bell  by  a  forcing-pump  above;  and  the  heated  and  contaminated 
air,  which  has  served  for  respiration,  and  which  rises  to  the  top 
of  the  bell,  is  allowed  to  escape  by  a  cock  placed  thete  for^the 
purpose.  The  men  who  work  at  a  distance  from  the  bell  have 
tubes  of  eommunication  with  it,  by  which  they  inhale  the  air 
required;  and  they  allow  the  used  air  to  rise  through  the  water 
ahove  them.    A  man  cannot  breathe  comfortably  by  such  a  tube 
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if  be  be  either  much  above  or  below  the  level  of  the  water  ia  the 
bell:  for  if  above,  the  air  in  the  bell  is  more  compressed  than  his 
chest,  and  is  forced  towards  him  so  as  to  require  an  eff<n*tto  con- 
trol its  admission;  and  if  below,  his  chest  is  bearing  greater 
pressure  than  the  air  in  the  bell,  and  he  must  therefore  act 
strongly  with  the  muscles  of  the  ribs  to  draw  the  air  down 
to  him.  A  phenomenon  similar  to  this  takes  place  when  two 
bladders  of  air  are  connected  by  a  long  tube,  and  immersed 
in  water  to  unequal  depths:  the  air  is  always  strongly  forced 
from  the  lower  into  the  upper  one,  because  the  lower  one  is 
more  forcibly  pressed.  The  difficulty  of  pumping  air  down  to 
the  diving-bell,  increases,  of  course,  with  the  depth  to  which  it 
has  descended:  for  if  the  bell  be  so  low  that  the  water  is  press- 
ing on  the  air  in  it  with  a  force  of  fifteen  pounds  per  inch 
(which  would  happen  at  thirty-four  feet,)  it  is  evident  that  a  sy- 
ringe or  pump  cannot  inject  more  air  unless  it  act  with  a  force 
greater  than  this.  Men  now  work  in  the  diving-bell  and  about 
it  with  so  little  discomfort,  that  the  wages  of  submarine  labour 
are  very  little  higher  than  of  any  other  labour. 

It  is  remarkable,  when  the  use  of  the  diving-bell  has  become 
so  familiar,  that  a  kindred  and  still  more  simple  contrivance  of 
the  same  class  has  not  been  introduced  for  certain  purposes,  par- 
ticularly of  sudden  emergency,  such  as  to  aid  in  the  recovery 
of  the  bodies  of  drowning  persons.  A  ten-gallon  cask,  or  ves- 
sel* of  any  kind,  filled  with  air,  and  made  heavy  enough  to  sink 
in  water,  with  a  breathing  tube  from  it  like  that  of  a  diving- 
bell^  would  be  a  provision  of  air  for  a  man  below  water  for  ten 
mioutes;  and  a  man  with  it  under  his  arm,  might  instantly  de- 
scend from  a  boat,  or  walk  from  a  shore,  into  water  of  any 
depth,  to  recover  the  body  of  a  fellow-creature  lately  sunk,  and 
in  time  probably  to  save  the  life,  which  a  few  minutes  wasted 
in  waiting  or  in  unsuccessful  dragging  would  suffer  to  be  lost 
The  tube  would  issue  from  the  upper  part  of  the  vessel,  and 
tbwe  would  he  an  opening  at  the  bottom  to  allow  water  to  enter 
to  compress  the  air  proportionally  to  the  depth,  and  to  replace 
it  aa  used.  The  author  would  propose  this  as  an  addition  to 
the  aiqpw^tus  of  the  Humane  Society  for  the  recovery  of  per* 
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8on0  apparently  drowned. — It  shows  the  remoteneoi  feoxn  com» 
moo  tmne  a£  thinking  of  the  troths  connected  with  the  consfi- 
ttttion  of  our  atntosphere^  when  a  means  so  simple  99A  easily 
procured  should  never  have  been  thought  of  or  tried  in  any  way 
by  pearl-fishers,  or  by  persons  who  gain  their  bread  by  diving 
to  recover  things  dropped  overboard  in  harbours  or  anefaoring 
stations;  all  of  whom  have  hitherto  been  limited  to  the  single 
gulp  of  air  taken  on  descending.  In  any  case  of  a  man  work- 
ing under  water,  cank  after  cask  of  air  might  be  sent  down,  to 
enable  him  to  rematn  as  long  as  necessary. 

There  is  an  exceedingly  beautifal  philosophical  toy,  of  which 
the  action  depends  chiefly  on  the  elasticity  of  air;  and  as  it 
moreover  illustrates  most  of  the  laws  of  fluidity, 
it  is  deemed  worthy  of  description  here.  It  is  a 
small  balloon  or  thin  globe  of  glass  c,  having  an 
opening  at  the  bottom,  and  its  little  car  or  basket 
hanging  to  it.  If  put  to  float  in  water  while  the 
globe  contains  air  only,  it  is  so  light  that  half  of 
it  remains  above  the  surface;  but  water  may  be 
introduced  into  the  globe  to  adjust  the  specific 
gravity  of  the  whole,  so  that  it  may  be  only  a 
little  less  than  that  of  water;  If  the  balloon  be 
then  placed  in  a  tall  jar  of  water  a  b,  the  mouth  of  which  is  close- 
ly covered  by  bladder-skin  or  India-rubber  tied  upon  it,  on  press-^ 
ing  such  covering  with  the  hand,  the  balloon  will  immediately 
descend  in  the  water:  it  will  rise  again  when  the  pressure 
ceases,  and  will  float  about,  rising,  or  falling,  or  standing  stilt, 
according  to  the  pressure  made.  The  reason  of  this  is,  that 
pressure  on  the  top  of  the  jar  fir^t  condenses  the  air  between  the 
water  surface  and  the  cover;  this  condensation  then  presses  upon 
the  water  below,  and  by  influencing  it  through  its  whole  extent, 
compresses  also  the  air  in  the  balloon-globe,  forcing  just  as 
much  more  water  into  this  as  to  render  the  balloon  heavier  than 
water,  and  therefore  heavy  enough  to  sink.  As  soon  as  the 
pressure  ceases,  "the  elasticity  of  the  air  in  the  balloon  repels 
i^n  the  latoly  entered  water,  and  the  maehme  becoming  light- 
er thae  water  as  before,  aseends  to  the  top.     If  the  balloon  be 
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adjusted  to  have  a  specific  gravity  too  nearly  that  of  water,  it 
will  not  rise  of  itself  after  once  reaching  the  bottom,  because 
the  presnire  of  the  water  then  above  it  will  perpetuate  the  con* 
densation  of  the  air  which  caused  it  to  descend.  It  may  even 
then,  however,  be  made  to  rise  again  by  inclining  the  water-jar 
to  one  side,  so  that  the  perpendicular  height  of  water  over  it 
shall  be  diminished. 

This  toy  proves  many  things — the  materiality  of  air,  by  the 
pressure  of  the  hand  on  the  top  being  communicated  to  the  wa- 
ter below  through  the  air  in  the  upper  part  of  the  jar — ^the  com- 
pressibility of  air,  by  what  happens  in  the  globe  just  before  it 
descends — the  elastic /arce  of  air  when,  on  the  pressure  ceasing, 
the  water  is  again  expelled  from  the  globe — ^the  lightness  of 
air,  in  the  buoyancy  of  the  globe: — it  shows  also  that  in  a  fluid 
the  pressure  is  in  ail  directions,  because  the  effects  happen  in 
whatever  position  the  jar  be  held — it  shows  that  pressure  is  as 
the  depthj  because  less  pressure  of  the  hand  is  required  the  far- 
ther that  the  globe  has  descended  in  the  water^^and  it  exempli- 
fies many  circumstances  of  fluid  support.  A  young  person, 
therefore,  iamiliar  with  this  toy,  has  learned  the  leading  truths 
of  hydrostatics  and  pneumatics,  and  has  had  much  amusement 
as  well  as  instruction. 

On  the  same  principle  as  the  balloon  now  described,  three  or 
four  little  figures  of  men  may  be  formed  of  glass,  hollow  with- 
in, and  having  each  a  minute  opening  at  the  heel,  by  which 
water  may  pass  in  or  out  If  these  be  placed  in  a  jar  as  the  bal* 
loon  was,  and  be  adjusted  by  the  quantity  of  water  admitted 
into  them,  so  that  they  shall  differ  a  little  from  each  other  in 
specific  gravity;  when  pressure  is  made  on  the  cover  of  the  jar, 
the  heaviest  figure  will  descend  first,  and  the  others  will  follow 
in  succession;  and  they  will  stop  or  return  to  the  surface  in  re- 
verse order  when  the  pressure  ceases.  A  person  exhibiting 
these  figures  to  spectators  who  do  not  understand  them,  seems 
to  have  the  power  of  ordering  their  movements  by  his  will.  If 
the  jar  containing  the  figures  be  inverted,  afid  the  cover  be 
placed  over  a  hole  in  the  table,  through  which,  unobserved, 
pr»»ure  can  be  made  by  a  rod  rising  through  the  hole  and 
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obeying  the  foot  of  the  exhibitor,  the  most  amusing  and  aur* 
prising  evolutions  may  be  produced  among  the  little  men,  in 
perfect  apparent  obedience  to  word  of  command. 

The  beautiful  fountain,  called  the  foun* 
tain  of  Hero,  by  which  water  is  made  to 
spout  far  above  its  source,  depends  for  its 
action  upon  the  resisting  elasticity  of  com- 
pressed air.  The  vessel  d  is  first  filled  with 
water,  while  b  and  a  contain  air  only.  On 
then  pouring  water  into  a,  the  water  of  d 
darts  upwards  through  the  j^t  pipe  e,  to  an 
elevation  nearly  equal  to  the  length  of  the 
tube  from  a  to  b.  The  reason  is,  that  the 
water  from  a  descends  by  the  tube  to  d,  and 
compresses  the  air  in  c;  which  compression 
conveyed  along  the  other  tube  from  c  to  d, 
acts  on  the  water  in  the  vessel  d^  and  causes 
it  to  jet  The  pressure  being  produced  by 
the  column  of  water  a  6,  the  jet  is  proper* 
tioned  to  the  length  of  that  column. — ^This 
fountain  may  have  its  parts  concealed  under 
a  variety  of  graceful  forms,  as  that  hero  ro- 
prosented;  and  then  it  becomes  a  beautiful 
ornament  among  flowers  in  a  summer  draw* 
ing-room.  It  may  be  made  to  play  for  an 
hour  or  moro  and  will  always  recommence 
on  the  water  being  shifted  from  the  low  to 
the  high  reservoir. 


Having  now  explained  the  two  peculiari* 
ties  which  distinguish  aeriform  from  other 
fluids,  viz.  their  Kghiness  and  extensive 
elasHciiyj  we  proceed  to  show  that  they 
have  the  four  other  properties  already  de« 
scribed  under  hydrostatics,  as  belonging  to 
fluids  generally:  and  first 
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<'  Pressure  in  all  directionss ''    {Read  the  analysis  ai  pages 
23^  and  282.) 

*  A  quantity  of  air  or  gas  riiut  up  in  any  yessel,  and  conopressedy 
is  equally  affected  throughout,  and  its  tendency  to  escape  from 
the  pressure  is  equal  in  all  directions^  as  is  proved  by  the  force 
necessary  to  keep  similar  valves  close  wherever  placed.  Hence 
the  hydrostatic  press  and  hydrostatic  bellows  described  in  last 
section,  yrhich  depend  for  their  action  on  this  law,  may  be 
worked  by  air  or  gas  as  by  a  liquid. 

Owing  to  this  law,  air,  when  allowed,  will  always  rush  from 
where  there  is  more  pressure  to  where  there  is  less.  The  ac- 
tions of  the  cdmmon  fire  bellows,  and  of  the  animal  chest  in 
breathing,  blowing,  sucking,  &c.  are  so  many  instances. 

The  suddenness  with  which  any  compression  made  on  part 
of  a  confined  aeriform  fluid  is  communicated  throughout  the 
whole,  is  strikingly  seen  in  the  simultaneous  increase  or  burst 
of  all  the  gas  lights  over  an  extensive  building,  or  even  along  a 
whole  street,  at  any  instant  when  the  force  supplying  the  gas 
is  augmented. 

Many  very  interesting  illustrations  of  the  fluid  pressure  of 
air  being  in  all  directions  will  occur  under  the  next  head,  join- 
ed with  proofs  of  the  atmospheric  pressure  being  as  the  depth. 

**  Pressure  as  the  depth.*' 

On  first  approaching  this  subject,  a  person  is  naturally  sur- 
prised  to  find  the  depth  of  the  atmosphere  spoken  of  as  some- 
thing perfectly  ascertained,  although  nobody  can  ever  have  ap- 
proached the  surface  to  measure  it;  but  science  often  furnishes 
means  of  discovering  precise  truth,  in  cases  where  ignorance 
would  not  even  dream  of  the  possibility  of  making  an  approxi- 
mation. It  may  facilitate  the  apprehension  of  this  point  as  re- 
gards air,  to  describe  at  the  same  time  a  similar  case  as  regards 
water. 

The  bottom  of  a  lake,  supports  all  the  water  in  the  lake,  and 
each  portion  bears  just  the  weight  of  the  water  directly  over  it: 
a  means  then  of  ascertaining  the  weight  or  pressure  of  water  on 
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any  portion  of  fihe  bottom,  would  tell  how  much  water  there 
stood  over  that  portion,  and  by  the  known  relation  of  the  weight 
and  bulk  of  water,  would  tell  also  the  depth  at  that  part,  tn 
like  manner,  the  ocean  of  air  which  surrounds  the  globe  rests 
with  its  whole  weight  upon  the  surface  of  the  globe,  and  each 
portion  of  the  surface  bears  its  correspondent  share:  if  weascer* 
tain  then  the  pressure  of  the  atmosphere  on  a  given  extent  of 
surface,  we  find  how  much  air  is  standing  directly  over  it;  in 
other  words,  the  weight  of  a  column  of  air  resting  on  such  sur> 
face  as  its  base,  and  reaching  to  the  top  of  the  atmosphere. 
Having  then  the  weight  of  the  whole  column,  and  finding  the 
weight  of  a  given  bulk  of  it  at  the  bottom  (ascertained  as  des* 
cribed  at  page  277)  and  knowing  the  law  of  aerial  elasticity  (ex- 
plained at  page  287,)  we  determine  the  depth  or  height  of  the 
column  by  a  simple  calculation.  Now  accurate  experiments 
show  that  there  are  nearly  fifteen  pounds  of  air  over  every  square 
inch  of  the  earth's  surface;  producing  the  same  pressure  as  would 
be  made  by  a  depth  of  water  of  thirty-four  feet,  or  by  a  depth  of 
quicksilver  of  thirty  inches;  and  from  this  fact,  and  the  ascer- 
tained lightness  and  elasticity  of  air,  we  know  that  its  depth  on 
earth  must  be  nearly  fifty  miles,  which,  as  already  stated,  is 
about  as  much  in  relation  to  the  size  of  the  earth  as  a  tenth  of 
an  inch  is  to  a  globe  of  one  foot  diameter.  The  remaining  part 
of  this  section  has  chiefly  to  trace  the  efiects  of  such  a  mass  of 
matter  resting  upon  the  earth's  surface,  and  embracing  and  com- 
pressing every  object  placed  there. 

Water  is  a  substance  much  more  obvious  to  the  human  senses 
than  air,  and  which  is  constanly  under  observation;  yet  many  of 
its  most  important  agencies  escape  the  notice  of  common  obser- 
vers. Few  persons,  for  instance,  discover  of  themselves  the  law 
explained  in  the  last  section,  of  the  pressure  in  water  being  pro- 
portioned to  the  depth:  but  when  they  find  that  a  piece  of  cork 
plunged  deep  into  it  is  compressed  to  much  smaller  bulk,  and 
that  strong  empty  vessels  of  glass,  or  even  of  metal,  under  the 
same  circum9tances,  are  crushed  inwards,  and  that  pieces  of 
ounken  wood  are  filled  with  water  through  all  their  pores,  so  as 

pp 
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to  become  heavier  than  stone,  &,e.,  their  minds  are  roused  to  a 
sense  of  the  important  fact.  If  the  truths  of  hydrostatics  thus 
escape  notice,  we  need  not  wonder  that  those  of  pneumatics  es- 
cape still  longer. 

If  a  common  drinking  glass  or  tumbler  be  filled  with  water,  and 
a  piece  of  bladder-skin  be  tied  closely  over  its  mouth,  on  allowing 
it  to  sink  to  the  bottom  of  a  mass  of  water,  and  to  stand  there 
with  its  mouth  upwards,  the  bladder  exhibits  no  sign  of  being 
pressed  upon,  although  it  bears  on  its  upper  side  the  whole 
weight  of  the  water  directly  above  it:  the  reason  being  that  the 
water  beneath  the  bladder  resists  just  as  strongly  as  that  above 
presses:  but  if  by  means  of  a  syringe  or  pump,  the  water  were 
extracted  from  within  the  glass,  the  bladder  itself  would  then 
have  to  bear  the  whole  pressure  of  the  water  above  it,  and 
would  probably  be  torn  or  burst     The  degree  of  pressure,  and 
consequently  the  depth  of  water,  in  such  a  case,  might  be  ascer- 
tained, by  placing  some  support,  of  which  the  action  could  be 
measured,  under  the  bladder  to  sustain  it  after  the  removal  of  the 
interior  water. — Now  this  case  may  be  exactly  copied  in  our 
atmosphere  or  sea  of  air.     A  glass  held  in  the  hand  is  immer- 
sed in  the  fluid  air,  and  is  full  of  it,  as  the  other  glass  was  full 
of  water:  its  mouth  may  be  covered  over  with  bladder,  and  no 
external  pressure  will  be  apparent,  because  there  is  a  resistance 
of  the  air  within,  just  equal  to  the  pressure  of  the  air  on  the 
outside: — but  if  the  air  be  extracted  from  under  the  covering, 
by  means  of  an  air-pump,   the  bladder  is  first  seen  sinking 
down  and  becoming  hollow  from  the  weight  of  the  air  over 
it,  and  at  last  bursting  inwards  with  a  great  noise  or  crack. 
By  placing  a  circular  piece  of  wood  under  the  bladder-skin, 
for  it  to  rest  on,   and  a  spring  of  known  force  to  support 
the  wood,   we  may   ascertain  very  nearly   the  weight  and 
pressure  of  the  air  over  it: — ^the  problem,  however,  can  be 
solved  more  elegantly  and  accurately  by  means  of  the  barome- 
ter described  further  on.     This  phenomenon   of  atmospheric 
pressure  is  often  shown  by  placing  the  hand  on  the  mouth  of  a 
glass  so  as  to  cover  it  closely,  and  then  extracting  the  air  from 
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underneath  the  hand:  the  weight  of  the  atmosphere  holds  the 
hand  down  upon  the  mouth  of  the  glass  with  a  force  of  fifteen 
pounds  to  the  inch. 

As  should  follow,  from  the  pressure  of  fifteen  pounds  per 
inch  thus  detected  at  the  surface  of  the  earth  being  the  weight 
of  our  superincumbent  atmosphere,  we  find  that  exactly  as  we 
rise  from  the  earth,  the  pressure  diminishes.  This  fact  now 
furnishes  the  readiest  means  of  ascertaining  the  height  of  moun- 
tains and  of  balloon  ascents,  as  will  be  explained  in  considering 
the  barometer. 

After  the  many  explanations  here  given  of  fluid  pressure  be- 
ing equal  in  all  directions,  it  is  almost  superfluous  to  remark 
that  the  downward  weight  of  the  atmosphere  becomes  an  equal 
pressure  in  all  directions.  This  is  seen  in  the  fact  of  the  bladder 
described  above  being  as  readily  burst  if  turned  sideways  as  if 
turned  directly  upwards.  Every  body  or  substance,  therefore, 
on  the  surface  of  the  earth,  dead  or  living,  solid  or  fluid,  is 
compressed  with  this  force.  In  general  the  pressure  on  one 
side  of  a  body  is  balanced  by  the  equal  pressure  on  the  other^ 
so  that  no  sensible  effect  follows;  and  it  is  on  this  account  that 
philosophers  were  so  long  in  discovering  it  at  all,  and  that  half- 
informed  persons  are  still  disposed  to  doubt  its  existence;  but 
the  proofs  offered  on  all  sides  to  the  now  awakened  attention 
are  irresistible.     We  shall  first  speak  of 

^^  Mmospheric  pressure  on  solids J^ 

The  atmosphere,  then,  presses  on  the  two  sides  of  a  plate  of 
glass  or  metal,  with  force  of  fifteen  pounds  on  the  inch.  Under 
ordinary  circumstances  no  sensible  effect  follows,  because  the 
opposite  pressures  counterbalance;  but  if  two  plates  of  smooth 
glass  or  metal  be  laid  against  each  other,  and  the  air  be  excluded 
from  between  them,  they  cannot  be  separated  by  less  force  than 
fifteen  pounds  per  inch  of  their  surface. 

In  like  manner  to  draw  the  piston  of  a  syringe  from  the  bot- 
tom of  its  barrel,  while  no  air  is  allowed  to  enter  between  them, 
requires  force  of  fifteen  pounds  to  the  square  inch  of  surface  of 
the  piston.     But  if  the  experiment  be  made  in  the  exhausted 
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receiver  of  an  air  pump,  the  piston  falls  by  its  own  weight  It 
is  pushed  back  immediately  on  re-admitting  the  air.  Wherever 
a  vacuum  is  produced  at  the  surface  of  the  earth,  there  is  an 
external  pressure,  to  the  extent  stated,  seeking  admittance  all 
round. 

An  'air-pump  receiver  of  five  inches  diameter  has  nearly 
twenty  square  inches  of  surface  in  its  upper  part  or  roof,  and 
bears  a  weight  or  pressure  of  atmosphere,  of  twenty  times  fif- 
teen, or  three  hundred  pounds.  While  it  has  air  within  it,  this 
pressure  is  exactly  balanced  and  is  not  sensible;  but  when  ex- 
hausted on  the  plate  of  the  air-pump,  it  is  pressed  against  the 
plate  with  this  force.  As  the  atmospheric  pressure  is  in  all  di- 
rections, the  pump-plate  of  course  is  equally  pressed  upwards 
against  the  receiver,  and  the  sides  of  the  receiver  are  pressed 
towards  each  other.  This  explains  why  air-pump  receivers 
must  be  made  arched  or  of  dome-shape  to  withstand  the  great  pres- 
sure. A  flat  piece  of  glass  of  great  thickness,  laid  upon  the  up- 
per mouth  of  a  receiver,  so  as  to  form  an  air-light  cover  to  it, 
is  broken  instantly  by  exhausting  the  air  beneath;  and  a  bottle 
or  receiver  with  flat  sides  suffers  in  the  same  manner. 

Illustrative  of  this  pressure  on  solids  is  the  experiment  of 
the  Magdcburgh  hemispheres,  as  it  is  called.  Two  hollow  half 
globes  of  metal  a  and  ft,  are  fitted  to  each  other, 
so  that  their  lips  when  touching  may  be  air-tight. 
While  there  is  air  between  them  or  within,  resist- 
ing the  pressure  of  the  outward  air,  they  can  be 
separated  from  each  other  without  diflSculty;  but 
when  the  air  is  exhausted  from  within  by  the  air- 
pump,  a  force  is  required  to  separate  them  of  as 
many  times  fifteen  pounds  as  there  are  square 
inches  in  the  area  of  the  mouth.  The  air  is  extracted  by  un- 
screwing one  of  the  handles  at  ft,  and  then  connecting  the  re- 
maining stalk  (which  is  hollow,  and  has  a  stop-cock)  with  the 
air-pump. — ^This  experiment  merits  recollection,  because  it  was 
one  of  the  first  which  drew  attention  to  the  material  nature  and 
properties  of  the  air;  and  it  astonished  the  world.  Otto  de 
Guericke,  of  Magdeburgh,  the  inventor,  had  hemispheres  made 
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of  a  foot  in  diameter,  and  once  when  be  exhausted  them,  on  the 
occasion  of  a  public  exhibition,  six  coach-horses  of  the  Empe- 
ror were  unable  to  pull  them  asunder.  There  being  no  air- 
pump  in  his  time,  Guericke  emptied  the  balls  of  their  air  by 
first  filling  them  with  water,  and  then  extracting  the  water  by  a 
common  pump  or  syringe  applied  at  the  bottom. 

It  is  a  phenomenon  of  the  same  kind  as  the  last,  when  a  boy 
with  his  foot  presses  a  circular  piece  of  wet  leather  a,  against  a 
large  stone  A,  and  then  pulls  as  if  to  detach 
it  at  a  cord  c,  rising  from  its  centre.  If  the 
leather  be  so  close  in  its  texture  that  air 
cannot  pass  through  it,  and  stiff  enough  not 
to  be  puckered  or  drawn  together,  he  must 
exert  a  force  before  detaching  it,  of  as  many 
times  fifteen  pounds  as  there  are  square 
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inches  of  surface  covered  by  it,  for  such  is 
the  weight  or  pressure  of  the  air  over  it, 
while  there  is  no  counterbalancing  pressure 
underneath  nearer  than  on  the  other  side  of 
the  stone.  If  this  suckevy  as  it  has  been  called,  be  applied  to  a 
loose  stone  which  weighs  less  than  now  mentioned,  the  stone 
may  be  lifted  by  it  A  very  large  sucker  applied  upon  a  rock 
or  wall,  would  resist  the  pull  of  horses  like  the  Magdeburgh 
hemispheres. 

The  simple  contrivance  now  described,  and  which  may  be 
called  a  pneumatic  tracioTy  seems  well  suited  to  various  pur- 
poses of  surgery.  It  might  assist,  for  instance,  in  raising  de- 
pressed portions  of  a  fractured  skull,  and  might  thus  sometimes 
save  the  operation  of  trepanning: — for  such  a  purpose  it  would 
be  preferable  to  a  small  cupping-glass,  from  its  being  perfectly 
inactive,  except  during  the  instants  when  pulled  at;  whereas  the 
cupping-glass,  by  keeping  up  a  continued  flow  of  blood  to  the 
part,  might  do  injury.*     In  cases  where  cupping  glasses,  al- 


*  It  does  not  appear  to  vm  very  evident,  that  either  the  pneumatic  tractor  or 
the  eappiog-giawy  especially  the  fenner>  may  be  employed  with  safety  few  rais- 
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though  desired,  were  not  attainable,  the  tractor  might  be  made 
to  answer  for  them,  both  to  prepare  a  part  for  scarification,  and 
afterwards  to  increase  the  flow  of  blood  from  the  punctures. 
There  is  another  surgical  application  of  the  tractor  spoken  of  in 
the  last  section  of  the  present  part,  which  the  professional 
reader  is  desired  to  consult  immediately. 

It  is  from  having  feet  that  act  on  the  principle  of  the  tractor, 
that  certain  insects  can  move  along  ceilings  with  their  bodies 
hanging  downwards;  and  there  are  fishes  which  attach  them- 
selves to  rocks,  or  other  objects,  by  a  similar  action. 

If  two  pneumatic  tractors  be  applied  to  each  other,  men  pull- 
ing opposite  ways,  to  separate  them,  must  act  with  a  force  of  fif- 
teen pounds  to  the  square  inch  of  the  surface  of  contact,  as  if 
they  were,  separating  the  Magdeburgh  hemispheres. 

The  action  of  this  tractor  may  be  well  illustrated  by  an  ex- 
periment made  in  a  vessel  containing  a  liquid.  If  a  body  with 
a  flat  surface  be  applied  to  the  flat  bottom  of  the  vessel  so  as 
perfectly  to  exclude  the  liquid,  the  body  bears  the  whole  weight 
of  liquid  directly  over  it,  and  cannot  be  detached  without  force 
at  least  equal  to  this.  The  case  is  striking  when  a  flat  piece  of 
cork  is  pushed  against  the  smooth  bottom  or  side  of  a  vessel 
containing  mercury,  and  is  found  not  to  rise  again  when  the 
hand  is  withdrawn  from  it,  but  to  be  firmly  held  down  by  the 
weight  of  mercury.  We  have  to  remark  in  such  experiments 
made  in  vessels  open  to  the  air,  that  the  weight  of  the  atmos- 


ing  a  depressed  portion  of  skuU.  If  thu  pert  be  denuded  of  the  scalp,  and  be 
of  sufficient  size  for  the  cupping-glass  to  be  applied  to  it  alone,  this  instrument 
may  be  employed  sometimes  under  such  circumstances  with  advantage,  but  under 
any  other  it  can  only  be  productive  of  ii\)ury.  Under  the  circumstances  noticed, 
the  pneumatic  tractor  v^ill  probably  be  found  less  useful,  since  the  pressure  ne- 
cessary  to  expel  the  air  from  between  the  fracture  and  the  depressed  porti<«  of 
cranium,  will  in  most  cases  aggravate  the  compression  of  the  brain,  and  may  even 
produce  fatal  consequences ;  and  under  all  other  circumstances  it  is  clearly  inad- 
missible. 

Am.  Ep. 
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phere  over  the  liquid  adds  a  pressure  of  fifteen  pounds  on  every 
inch  of  the  surface  of  a  body  immersed  in  it 

"  Jitmospherie pressure  on  liquids.^* 

The  pressure  of  the  atmosphere  on  liquids  produces  many 
important  effects,  and  now  that  we  comprehend  them,  we  won- 
der that  they  should  have  been  so  long  misunderstood.  We 
have  familiar  examples  of  it  in  the  action  of  pumps  and  syphons. 
All  such  phenomena,  in  former  times,  were  referred  to  what 
was  called  nature^s  horror  of  a  vacuum^  or  to  an  obscurely 
imagined  principle  of  suction.  It  was  not  until  the  time  of 
Galileo  that  their  true  nature  began  to  be  detected.  The  dis- 
covery has  led  to  many  very  important  results  in  the  arts. 

Persons  may  at  first  have  difficulty  in  conceiving  that  a  fluid 
so  rare  and  subtile  as  air  should  effect  or  resist  a  dense  liquid 
like  water:  but  the  action  of  air  in  contact  with  water  is  fami- 
liarly shown  in  the  facts,  that  a  vessel  does  not  fill  with  water 
When  plunged,  with  the  open  mouth  downwards,  from  the  air 
into  water,  and  that  when  a  tube  open  at  both  ends  has  been 
partially  immersed  in  water,  and  therefore  partially  filled,  the 
water  can  be  forced  out  of  it  by  blowing  air  with  the  mouth  in 
at  the  upper  end.  Then  it  may  be  recollected  that  a  hundred 
pounds  of  feathers  are  as  great  a  load  as  a  hundred  pounds  of 
lead. 

That  there  are  fifteen  pounds  of  air  above  every  square  inch 
of  the  earth's  surface,  has  already  been  explained,  while  we  were 
considering  the  atmospheric  effects  upon  solids;  and  we  now 
proceed  to  show  that  many  of  the  phenomena  among  liquids, 
which  long  appeared  so  mysterious,  are  merely  the  necessary 
consequences  of  the  same  pressure  upon  them.  It  will  facilitate 
the  comprehension  of  these  effects,  if  we  first  view  them  as  they 
may  be  produced  by  more  visible  agents,  viz,  by  one  liquid 
pressing  upon  another;  and  for  this  purpose  the  author  has  con- 
trived the  apparatus  represented  below,  in  which  a  layer  of  oil 
rests  upon  a  layer  of  water,  and  both  these  upon  a  layer  of 
mercury. 
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It  bis  already  been  shown,  thit 
an  ocean  of  oil  spread  over  tbe  earthy 
to  have  the  same  weight  as  our  at* 
mosphere,  would  require  to  be  about 
tliirtj -seven  feet  deep.  A  vessel, 
then,  a  b  Cf  with  water  in  it  up  to. 
the  level  W,  and  with  thirty-seven 
feet  of  oil  above  this,  up  to  the  level 
o,  is  fitted  to  illustrate  many  of  tlie 
phenomena  of  atmospheric  pressure. 
The  following  are  the  seven  prin- 
ciple cases. 

1st.  The  weight  of  the  oil  pres- 
sing with  a  force  of  15  lbs.  per  inch 
I  M  on  the  water  at  W,  would  not  at  all 
disturb  the  level  surface  of  the  water. 
— Neither  does  the  weight  of  the  atmosphere  of  15  lbs.  per  inch 
disturb  any  liquid  surface. 

2d.  In  proportion  as  the  oil  were  poured  into  the  vessel  a  b 
c,  the  water  would  rise  in  the  tube  i  w,  as  already  explained  by 
the  figure  at  page  261  (which  sec;)  so  that  when  there  were 
thirty-seven  feet  in  height,  or  fifteen  pounds  in  weight  of  oil  on 
the  inch,  the  water  in  i  w  would  stand  thirty-four  feet  high. 
If  these  thirty-four  feet  of  water  where  then  lifted  out  of  the 
tube  by  a  plug  or  piston  drawn  up  from  the  bottom  of  it  at  /,  a 
second  equal  quantity  would  be  pressed  up  by  the  oil,  and  the 
tube  and  piston  would  constitute  a  pump. — Now  when  the 
atmosphere  instead  of  the  oil  is  allowed  to  press  upon  the  water- 
surface  in  such  a  vessel,  but  is  excluded  from  the  tube,  the 
water  still  rises  in  the  tube  thirty-four  feet,  as  in  the  last  case; 
and  if  this  quantity  be  lifted  out  of  the  tube  by  a  piston,  a  se- 
cond equal  quantity  is  pressed  up,  and  the  tube  and  piston  be- 
come a  complete  example  of  the  common  lifting  or  sucfdng- 
pump. 

3d.  If  there  were  a  quantity  of  mercury  or  quicksilver  at  the 
bottom  of  the  vessel  ab  c^  filling  it  up  to  the,  level  M,  and  if 
a  tube  t  m  issued  from  under  this  level,  the  mercury  would  rise 
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In  this  dhort  tube  as  the  water  did  in  the  larger;  but  by  reason 
of  its  greater  specific  gravity  it  would  only  reach  a  height  of 
thirty  inches  while  the  water  stood  at  thirty-four  feet — ^Now 
thirty  inches  of  mercury  is  the  height  of  column  which  the 
atmospheric  pressure  acting  in  the  same  way  really  produces, 
as  is  seen  in  a  similar  apparatus  made  expressly  for  measuring 
that  pressure,  and  called  a  barometer,  or  measure  of  weight, 

4th.  If  a  tube  rf,  of  an  inch  square,  and  open  at  both  ends, 
were  plunged  into  the  oil,  it  would  of  course  always  be  full  up 
to  the  level  of  the  oil  on  the  outside  of  it;  and  if  it  were  pushed 
low  enough  to  enter  the  water  at  W,  it  would  just  contain  fif- 
teen pounds  of  oil  resting  on  the  water-surface  at  its  mouth; 
which  surface  would  therefore  be  bearing  a  weight  of  fifteen 
pounds,  like  every  inch  of  the  surface  around,  but  would  not 
yield,  owing  to  the  force  with  which  it  tended  upwards  to 
escape  from  the  pressure  corresponding  to  its  depth  in  the  oil. 
Then  if,  by  a  piston  or  plug  at  e  in  the  tube  rf,  the  fifteen 
pounds  of  oil  were  lifted  out  of  it,  water  would  rise  into  it  until 
enough  had  entered  to  reproduce  the  pressure  of  fifteen  pounds 
on  the  surface  below  as  before;  that  is  to  say,  the  water  would 
pise  thirty-four  feet,  as  in  the  external  tube  w  i.  This  internal 
tube  and  piston  again  would  form  a  pump. — In  like  manner, 
when  a  tube  open  at  both  ends  is  plunged  from  the  air  into 
water,  the  air  pressed  on  the  surface  of  the  water  within  the 
tube,  as  on  the  surface  around  it,  with  a  force  of  fifteen  pounds 
to  the  inch,  and  the  two  surfaces  are  not  afiected  by  the  equal 
pressures;  but  if,  by  a  piston,  we  lift  the  air  out  of  the  tube,  as 
we  suppose  the  oil  lifted  in  the  last  experiment,  the  water  will 
then  rise  thirty-four  feet,  following  the  piston.  This  arrangement 
of  parts  is  the  most  useful  for  the  lifting  or  household  pump, 

5th.  If  a  common  bottle  or  a  vessel  of  any  other  shape,  as  the 
bent  tube  e,  were  filled  with  water,  and  plunged  under  the  oil 
until  its  mouth  or  mouths  reached  below  the  water-surface  at 
the  level  W,  it  Would  remain  full  of  water,  owing  to  the  pres- 
sure of  the  oil  surrounding  it. — For  a  similar  reason,  any  such 
vetoel  or  tube,  surrounded  only  by  the  air,  when  filled  with 
v^at^ir,  iitA  placed  with  its  mouth  or  mouths  under  the  surface 
ttf"  water,  remains  fiilf;  and  if*  one  end- of  the  tube  be  longer  thaa 

Qq 
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the  oUier,  a  current  is  established  in  it; — the  cootrivance  being 
then  called  a  syphon. 

6th.  A  fish  in  the  water  below  the  level  W  would  be  bearing 
the  pressure  of  the  oil  from  0  to  W,  as  well  as  the  pressure  of 
the  water.  So  a  fish  in  water  open  to  the  air,  is  bearing  the  atmos- 
pheric pressure  oi  fifteen  pounds  per  inchj  in  addition  to  that 
of  the  water  itself.  This  is  proved  by  extracting  the  air  from 
over  water  in  which  a  fish  is  swimming:  for  then  the  air-luig  of 
the  fishy  situated  near  its  under  side,  as  already  described,  im- 
mediately dilates  and  turns  the  fish  upon  its  back. 

7tb;  To  separate  the  Magdeburgh  hemispheres,  or  to  produce 
a  vacuum  in  any  way,  under  the  water  level  W,  would  require 
force  proportioned  to  the  weight  of  oil  above  (supposing  the  oil 
to  be  protected  from  the  pressure  of  the  atmosphere,)  in  addition 
to  that  required  on  account  of  the  water: — and  to  separate  the 
Magdeburgh  hemispheres  under  any  water-surface  pressed  upon 
by  the  atmosphere,  a  force  is  required  of  fifteen  pounds  per  inch 
beyond  what  would  balance  the  effect  of  the  water  itself. 

The  following  remarks  illustrate  more  minutely  some  of  the 
objects  which  we  have  just  been  explaining. 

The  common  lifting-pump  (or  sucking-pump  as  it  used  to 
be  called,)  is  then  merely  a  barrel  a  by  with  a 
close-fitting  plug  or  piston- in  it  c.  When  the 
lower  end  b  is  plunged  into  water,  and  the  piston 
is  drawn  up  from  the  bottom,  the  atmosphere 
being  prevented  from  pressing  on  the  surface  of 
the  water  within  the  tube,  the  pressure  on  the 
surface  external  to  the  tube,  drives  the  water  up 
after  the  piston.  That  the  water  which  thus  rises 
may  not  fall  again,  there  is  a  valve  or  flap  at  the 
lower  part  of  the  pump-barrel  6,  which  allows  the 
water  to  pass  only  upwards;  and  that  the  piston 
may  be  allowed  to  pass  downwards  through  the 
water  in  the  pump-barrel,  to  repeat  its  stroke, 
there  is  in  it  a  similar  valve.  The  piston,  in  rising  during  the 
second  stroke,  causes  all  the  water  ab<fve  it  to  run  over  at  the 
spout  £?.*«Formerly  a  lifting-pump  was  said  to  act  by  sucking 
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the  water  up  from  the  well  beneath  it;  the  true  meaning  of 
which  phrase  we  now  know  to  be,  that  the  piston  merely  lifts 
the  air  which  was  pressing  on  the  water  within  the  barrel,  and 
allows  the  water  to  rise  there  in  obedience  to  the  external  pres- 
sure of  the  air  around.  The  reason  is  now  apparent  why,  in 
the  lifting-pump,  the  water  will  only  follow  the  piston  to  a  cer- 
tain elevation. 

When  the  piston  of  a  pump  is  solid,  or  without  a  valve,  as  at 
c,  the  machine  is  called  d^  forcing-pump. 
The  water  rises  beneath  the  piston,  as  already 
explained,  but  then,  as  it  cannot  pass  through 
the  descending  piston,  it  is  forced  into  ano- 
ther direction,  as  to  d.     A  forcing-pump 
^  ^<t  can  bring  water  from  only  thirty-four  feet 
below  the  piston,  but  can  send  it  to  any 
elevation.     In  forcing-pumps,  it  is  usual  to 
make  the  water  enter  an  air-vessel  d  a  (al- 
Wf^     ready  explained  at  page  290,)  from  which 
^^^^         it  issues  by  the  elasticity  of  the  air,  through 
^f=iSr  the  pipe  ft,  in  a  nearly  uniform  stream. 

The  animal  action  of  sucking  is  an  approximation  to  what  we 
have  described  in  the  lifting-pump.  The  difference  is,  that  the 
chest  or  mouth  can  make  only  a  partial  vacuum,  and  therefore 
cannot  raise  a  liquid  very  far. 

A  syphon  remains  full  of  liquid,  although  raised  above  the 

general  surface  of  the  liquid,  as 
explained  above.  For  common 
purposes,  a  syphon  is  made  of  the 
form  here  represented,  viz.  a  bent 
tube  ah  Cy  with  one  end  longer 
than  the  other.  To  use  it,  the 
end  c  is  first  immersed  in  liquid, 
and  the  end  a  being  then  stopped 
for  the  time  with  the  finger,  the 
air  is  extracted  by  the  mouth  or 
otherwise  ,through  t^ie  small  tube 
a  dj  allowing  the  atmosphere  im- 
mediately to  fill  the  whole  tube 
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vi^th  liquid  from  c.  If  the  instrument  be  then  left  la  act,  tbe 
liquid  will  run  from  the  longer  leg,  until  the  shorter  has  drunk 
up  all  within  its  reach.  If  both  extremities  be  immersed  in  li- 
quid, and  in  different  vessels,  the  liquid  will  only  be  at  rest  in 
the  sj^phon  when  the  surfaces  in  the  two  vessels  are  brought  to 
the.  same  level.  A  syphon  is  sometimes  made  with 
/^^  both  legs  equal  and  turned  up,  as  here  repres^ated, 
^^  so  that  it  retrains  full  of  liquid  when  removed  from 
the  vessel,  ami  therefore  is  alwi^ys  ready  for  action. 
As  it  is  the  same  cause  which  lifts  the  water  in  a 
pump  and  in  a  syphon,  the  top  of  a  syphon  must 
evidently  be  within  thirty-four  feet  of  the  water- 
■  II  ^  surface  below.  In  the  syphon,  as  in  the  cases  of 
^^  ^  balancing  liquids,  described  at  page  261  (which  see,) 
ti^Q  comparative  diameters  of  the  legs  is  of  no  importance,  nor 
tbeii^  oblique  length — the  perpendicular  heights  alone  of  the 
tsyp  columns  indicating  the  necessary  relation.  This  truth  is 
well  exemplified  in  what  may  be  called  the  syphon-paradox^ 
an  ex^t  counterpart  of  th^  paradox  of.  the  <^  Hydrostatic  Bel- 
lows,'^ already  explained  The  syphon-paradox  may  be  exhib- 
ited by  reversing  the  apparatus  of  the  bellows^  If  this  apparatus 
be  filled  with  water  in  the  ordinary  way  (see  page  240,)  and. 
h^  thqn  turned  so  that  t^e  tube  becomes  like  tbe  long  leg  of  a 
syphon,  the  little  stream  of  water  issuing  from  it  at  a  will  lift 
as  great  a  weight  suspended /rom  the  board  J,  as  the  sameslen- 
d$ir  column  io  the  standing  position  can  lift  upon  the  board. 
Further  illustrative  of  the  atmospherical  pressure  exerted  in 
pirqducing  this  effect  and  in  rendering  a  syphon  active,  we  may 
advert,  to  the  striking  fact,  that  a  long  small  tube  of  water 
screwed  into  the  side  or  bottom  of  a  close  cask  of  water  so  as 
to  c;ommunicat^  with  it,  and  then  allowed  to  discharge  like  the 
long  leg  of  a  syphon,  will  cause  the  cask  to  be  .burst  inwards, 
just  as  the  same  tube  screwed  into  the  top  of  the  cask,  as  represen- 
teid  at  pag^  240,  would  cause  the  cask  to  be  burst  outwards. 

The  syphon  is  very  useful  for  drawing  off  liquids,  where 
tH«ir«t  !•  a  sediment  that  should  not  be  disturbed,  or  where  it  is 
desirable  not  to  make  an  opening  in  tbe  vessel  below.     A  large 
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9yphoQ  would  empty  « lake  or  miU-pood  over  its  tutnk  witboot 
injuring  the  bank. 

There  \b  9  pretty  sypboo-toy  m^de,  oa1Ie4  a  Tantalus'  cup, 
having  a  ulaojijog  human  figure  in  it^  wbicb  CQQceah  a  syphon* 
The  syphon  riaes  in  one  leg  of  the  figure  to  reach  the  level  of 
the  chin,  and  then  descends  in  the  other  to  pierce  the  bottom  of 
the  €up  towards  a  reservoir  below.  Oa  pouring  water  into 
the  copy  the  syphon  begins  to  act  as  soon  as  the  water  reaches 
the  chin  of  the  figure,  and  the  cup  is  emptied  as  if  by  magic. 

Among  the  infinitely  varied  water-drains  or  courses  in  the 
bowels  of  the  earth,  some  are  syphons,  aad  hence  produce  what 
are  called  intermitting  wells  of  fountains.  These  may  alternate- 
ly run  for  a  day,  and  cease  for  two  or  three  days,  or  for  longer 
or  shorter  periods,  according  to  the  comparative  magnitudes  of 
the  collecting  reservoir  and  the  drain.  The  reservoir  may  be 
an  internal  cave  of  a  mountain,  receiving  a  regular  supply  of 
water  by  a  slow  filtering  of  moisture  from  above,  and  the  drain 
must  be  a  syphon-formed  channel,  which,  when  in  action,  carries 
off  the  water  faster  than  it  is  supplied.  There  are  some  fountains 
that  flow  constantly,  but  at  regular  intervals  have  a  remarkable  in- 
crease. In  thoA  a  common  spring  must  be  joined  with  a  9y<> 
phon-qpriog. 

The  author  has  suggested  an  application  of  the  syphon,  which 
obviates  a  strong  objection  to  the  high  operation  for  stone,  as 
explained  in  the  next  medical  section* 

The  following  facts  have  close  relation  to  those  now  explained, 
as  further  illustrative  of  atmospheric  pressure  on  liquids. 

A  long  glass  of  jelly,  if  inverted  and  placed  with  its  mouth 
just  under  the  surface  of  warm  water,  will  soon  be  found  to 
have  lost  the  jelly,  but  to  be  full  of  water  in  its  stead.  The 
jelly  is  heavier  than  water,  and  when  melted  by  the  heat  sinks 
down  to  be  replaced  by  water  from  below,  sent  up  by  the  at- 
mospheric pressure.  ^ 

The  slaves  in  the  West-Indies  steal  rum,  by  inserting  the  long 
small  neck  of  a  bottle  full  of  water  through  the  top-aperture  of 
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the  rum-cask.    The  water  faHs  out  of  the  bottle  into  the  cade, 

while  the  lighter  rum  ascends  in  its  stead. 

The  common  water-glass  for  bird-cages  has  its  only  opening 

near  the  bottom  through  the  neck  by  yet  the  water  cannot  escape 
from  it  but  when  the  level  of  the  water  at 
c  in  the  open  part,  is  low  enough  for  air  to 
pass  into  the  body  of  the  glass  by  the  chan- 
nel b. — ^An  ink-glass  made  on  this  princi- 
ple preserves  the  ink«well,  because  thete 
is  so  small  a  surfacQ  exposed  to  the  air; 

\^ rL    and  the  glass  may  be  of  largtd  size,  so  as 

not  to  require  frequent  replenishing. 

In  the  common  •Srgand  or  fountain-lamp^  the  provision  of 
oil  is  in  a  vessel  placed  above  the  flame  and  with  its  mouth 
downwards,  but  the  mouth  being  immersed  in  oil,  of  which  the 
surface  is  nearly  on  a  level  with  the  flame,  no  oil  can  escape 
from  above  but  as  the  flame  consumes  the  free  oil,  which  is  its 
supply,  and  in  which  is  thus  maintained  at  a  constant  eleva- 
tion. 

We  have  hitherto  been  contemplating  only  the  direct  weight 
or  downward  pressure  of  the  atmosphere  on  liquids;  but  in 
the  following  instances  we  have  proof  of  the  same  pressure 
acting  upon  them  in  all  directions. 

If  a  bottle  or  cask  be  filled  with  water,  and  closely  corked, 
and  if  a  small  hole  be  then  drilled  in  the  bottom  or  side,  the 
water  will  not  escape  by  it,  owing  to  the  resisting  pressure  of 
the  atmosphere,  and  to  there  not  being  room  in  the  opening  for 
a  current  of  air  to  enter  while  the  current  of  water  escapes:  but 
if  a  hole  be  drilled  in  the  top  as  well  as  in  the  bottom,  a  jet 
from  the  lower  opening  will  follow  immediately,  because  then 
the  air  presses  on  the  upper  surface  of  the  liquid  as  well  as  on 
the  lower,  and  the  w^ht  of  the  liquid  is  free  to  act 

Thus  a  cask  of  bm*  or  wine  cannot  be  emptied  by  a  cock 
near  the  bottom,  unless  what  is  called  a  vent-hole  be  made 
at  the  top.     If  the  lower  opening,  however,  in  any  case  be 
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large,  the  air  will  wtev  by  one  side  of  it;  and  allow  the  liquid  to 
escape  by  the  other,  as  is  seen  in  decanting  a  bottle  of  wine. 
It  is  the  pressure  of  the  atmosphere  that  makes  a  difference  be- 
tween the  manner  in  which  liquid  issues  from  an  inverted  hot* 
tie  and  from  an  open  funnel. 

Even  a  large  opening  at  the  bottom  of  a  vessel  which  is  close 
above,  may  be  prevented  by  the  pressure  of  the  air  from  dis* 
charging  Kquid,  if  the  mutual  passing  of  the  two  currents  of  air 
and  liquid  be  rendered  difficult  A  wine-glass  filled  with  wa- 
ter may  be  inverted,  and  yet  will  spill  none,  if  a  piece  of  paper 
be  first  laid  loosely  upon  its  mouth,  and  be  held  to  it  during  the 
turning:  the  pressure  of  the  atmosphere  against  the  paper  will 
then  keep  it  in  its  place,  and  will  support  the  water,  above  it 
Any  vessel  or  tube  of  water,  shorter  than  thirty-four  feet,  may 
be  kept  closed  at  the  bottom  in  the  same  way. 

The  animal  body  is  made  up  of  solids  and  fluids  and  is  affect- 
ed hy  the  atmospheric  pressure  accordingly.  There  is  a  difficuK 
ty  at  first  in  believing  that  a  man's  body  should  be  bearing  a 
pressure  of  fifteen  pounds  on  every  square  inch  of  its  surface, 
while  he  remains  altogether  insensible  to  it;  but  such  is  the  fact, 
and  the  reason  of  his  not  feeling  the  fluid  pressure  is  its  being 
perfectly  uniform  all  around.  If  a  pressure  of  the  same  kind 
be  even  many  times  greater,  such  for  instahce,  as  fishes  bear  in 
deep  water,  or  as  a  man  supports  in  the  diving-bell,  it  equally 
passes  unnoticed.  Fishes  are  at  their  ease  in  a  depth  of  water 
where  the  pressure  around  will  instantly  break  or  burst  inwards 
almost  the  strongest  empty  vessel  that  can  be  sent  down;  and 
men  walk  on  earth  without  discovering  a  heavy  atmosphere 
about  them,  which,  however,  will  instantly  crush  together  the 
sides  of  a  square  glass  bottle  emptied  by  the  air-pump,  or  even 
of  a  thick  iron  boiler,  left  for  a  moment  by  any  accident,  with- 
out the  counteracting  internal  support  of  steam  or  air. 

The  fluid  pressure  on  animal  bodies,  thus  unperceived  under 
ordinary  circumstances,  may  be  rendered  instantly  sensible  by 
a  little  artificial  arrangement  In  water,  for  instance,  an  open 
tube  partially  immersed  becomes  full  to  the  level  of  the  water 
.around  it^  and  the  water  contained  in  it  is  supported,  as  already 
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«xpliin€id,  by  tii^t  which  is  immediately  below  its  modth:^— > 
now  ft  flat  fish  fasting  closely  a^^inst  the  mouth  of  the  tube, 
wooM  evidently  be  bearing  on  its  back  th6  \^hoie  of  this  ^ight 
---pertiaps  one  hundred  pounds;  but  the  fish  would  not  thereby 
be  pushed  away,  nor  would  it  even  feel  its  burden,  because  the 
upward  pressure  of  the  water  immediately  under  it  would  just 
^unterbalanee  the  weijj^,  while  the  lateral  pressure  around 
would  prevent  any  crushing  efi*ect  of  the  upward  and  downward 
forees.  But  if  while  the  fish  continued  in  the  situation  sap- 
posedi  the  hundred  pounds  of  water  wete  liAed  from  off  its  back 
by  a  piston  in  the  tube,  the  opposite  upward  pressure  of  one 
hundred  pounds  would  at  once  crush  its  body  into  the  tube. 
At  a  less  depth,  or  with  a  smaller  tube,  the  effect  might  not  be 
fatal,  but  there  would  be  a  bulging  or  swelling  of  the  substance 
of  the  fish  into  the  mouth  of  the  tube.  In  air  and  on  the  hu- 
man body  a  perfectly  analogous  case  is  exhibited.  A  man  with* 
out  pain  or  peculiar  sensation,  applies  his  hand  closely  to  the 
opening  of  a  tube,  or  to  the  mouth  of  any  vessel  containing  air, 
but  the  instant  that  the  air  is  withdrawn  from  within  the  tube 
or  vessel,  the  then  unresisted  pressure  of  the  air  on  the  outside 
fixes  the  hand  upon  the  vessel's  mouth,  causes  the  flesh  to  swell 
or  bulge  into  it,  and  makes  the  blood  ooze  from  any  crack  or 
puncture  in  the  skin; 

*  These  last  few  lines  describe  closely  the  surgical  operation  of 
cupping:  the  essential  circumstances  of  which  are  the  applica- 
tion of  a  cup  or  glass  with  a  smooth  blunt  lip,  to  the  skin  of  any 
part,  and  the  extraction,  by  a  syringe  or  other  means,  of  a  por- 
tion of  the  air  from  within  the  cup.  To  some  minds  the  exact 
comprehension  of  this  phenomenon  may  be  facilitated,  by  con- 
aidering  the  similar  case  of  a  small  bladder  or  bag  of  India-rub- 
ber full  of  any  fluid  and  pressed  between  the  hands  on  ev6ry 
part  of  its  surface  except  one: — ^at  that  one  paft  it  will  swell, 
and  even  burst  if  the  pressure  be  strong  enough.  So  in  cup- 
ping, the  whole  body,  except  the  surface  under  the  cup,  is 
iK)ueezed  with  a  force  of  fifteen  pounds  4o  the  square  inch, 
while  in  that  one  situation  the  pressure  is  diminished  according 
-to  the  degree  of  exhaostioQ  in  the  eup)  ^d  the  blood  c6ti^^ 
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quentljr  acctimulates  there.  The  application  of  a  cup  with  ex* 
haustion  only,  constitatea  the  operation  called  dry-cupping. 
To  obtain  blood,  the  cap  is  re0k)yed  and  the  tumid  part  is  cut 
into  by  the  aimaltaneous  stroke  of  a  number  of  lancet  points; 
and  the  cup  is  afterwards  used  as  before,  so  that  the  blood  may 
rush  forth  under  the  diminished  pressure.  The  partial  vacuuin 
in  the  cup  may  be  produced  either  by  the  action  of  a  syringe,  or 
by  burning  a  little  spirit  in  the  cup  and  applying  it  while  the 
momentary  dilatation  affected  by  the  heat  has  driven  out  the 
greater  part  of  the  air.  The  human  mouth  applied  upon  any 
part  bed^mes  a  small  cupping  machine,  and  formerly,  in  cases 
of  poisoned  wounds,  was  used  as  such.  Our  present  perfect 
cupping  glasses,  of  stronger  and  more  permanent  operation,  are 
not  yet  always  used,  as  they  might  be,  to  assist  in  removing  the 
poison  after  the  bites  of  rabid  or  venomous  animals. 

The  author  has  suggested  an  extension  and  modification  of 
the  operation  of  dry-cupping,  which  he  believes  will  prove  an 
important  remedy  in  the  hands  of  the  medical  practitioner.  It 
is  intended  as  a  substitute  for  bleeding,  in  cases  where  blood  can 
ill  be  spared,  and  in  certain  cases  of  inflammatory  disease,  as  a 
more  sudden  and  effectual  check  than  even  bleeding  itself.  It 
is  explained  in  the  next  medical  section  of  this  work. 

The  atmospheric  pressure  on  living  bodies  produces  an  effect 
which  is  rarely  thought  of,  although  of  much  importance,  viz. 
its  keeping  all  the  parts  about  the  joints  firmly  together  by  an  ac- 
tion similar  to  that  on  the  M adgeburgb  hemispheres.  The  broad 
surfaces  of  bone  forming  the  knee  joint,  for  instance,  even  if  not 
held  together  by  ligaments,  could  not,  while  the  capsule  surround- 
ing the  joint  remained  air-tight,  be  separated  by  a  force  of  less  than 
about  a  hundred  pounds;  but  on  air  being  admitted  to  the  arti- 
cular cavity,  the  bones  at  once  fall  to  a  certain  distance  apart. 
In  the  loose  joint  of  the  shoulder,  this  support  is  of  greater  con- 
sequence. When  the  shoulder  or  other  joint  is  dislocated,  there 
is  no  empty  space  left,  as  might  be  supposed,  but  the  soft  parts 
around  are  pressed  in,  to  fill  up  the  natural  place  of  the  bone. 
When  at  high  bone  is  dislocated,  the  deep  socket  called  the  ace- 
tabulum instantly  becomes  like  a  cupping  glass,  and  is  filled 
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partly  with  fluid  and  partly  with  the  soft  solids.  In  all  joints  it  is 
the  atmospheric  pressure  which  keeps  the  bones  in  such  steady 
contact,  that  they  work  smoothly  and  without  noise. 

The  barometer^  we  have  seen  at  page  304,  is  a  column  of 
fluid  supported  in  a  tube  by  the  pressure  of  the  atmosphere,  and 
therefore  indicating  most  exactly  the  degree  of  that  pressure. 
It  is  an  instrument  now  of  such  importance,  both  in  a  scientific 
point  of  view  and  in  the  business  of  common  life,  that  for  the 
sake  of  minds  which  conceive  such  subjects  with  difficulty  we 
shall  add  here  the  two  following  further  illustrations  of  its  na- 
ture. 

If  mercury  be^  poured  into  a  bent  tube  open  at  both  ends 
it  will  stand  at  the  same  level  in  the  two  legs,  as  at  a 
and  by  and  the  air  will  be  pressing  on  the  two  surfaces 
at  a  and  b  with  equal  force  of  15  lb.  per  square  inch. 
If  the  air  be  then  removed  from  one  leg  a«  by  a  piston 
or  otherwise,  while  it  continues  to  press  in  the  other 
leg  6,  the  mercury  will  be  pushed  down  in  A,  until 
the  growing  height  of  the  column  in  a  produce  a 
weight  so  much  greater  than  that  in  &,  as  just  to  coun- 
\W/  teract  the  pressure:  now  this  takes  place,  In  fact,  when 
the  mercury  in  a  stands  about  thirty  inches  higher 
than  in  b\  that  being  the  height  of  a  column  of  mercury  weigh- 
ing 15  lb.  on  the  square  inch.  If  the  top  of  the  tube  a  were 
then  closed  permanently,  the  mercury  would  for  ever  remain 
in  it,  marking  most  perfectly  the  atmospheric  pressure;  now 
this  construction,  after  the  empty  and  useless  part  of  the  tube 
above  d  is  cut  ofi*,  forms  a  common  barometer.  The  exact  alti- 
tude of  the  mercury  in  it  is  known  by  observing  how  much  the 
8ur£atce  near  c  is  higher  than  that  near  d.  Occasionally,  in  such 
a  barometer,  a  little  float  is  placed  on  the  mercurial  surface  at  dj 
and  is  caused  by  a  thread  passing  from  it,  to  move  an  index  like 
the  hand  of  a  clock,  which  tells  the  change  of  elevation.  This 
modification  is  called  the  wheel  barometer. 

Again,  as  a  quantity  of  water  at  a  in  the  bottom  of  a  ckwd 
pump-barrel,  if  pressed  upon  by  the  piston  6  c,  of  which  the 


ATMOSPHERIC  PRBSSURE. — BAROHETBRS.   '  315 

rod  d  were  hollow  or  tubular,  would  rise  in 
the  rod  to  a  height  proportioned  to  the  pres- 
sure made  by  the  piston:  so,  in  a  straight  ex- 
hausted barometer^tube,  which  is  as  this  hollow 
piston-rod,  the  mercury  or  water  rises,  be- 
cause the  atmospheric  pressure  around  it  is  as 
the  piston  forcing  the  fluid  up.  To  make  a 
barometer  of  this  kind  it  is  only  necessary  to 
procure  a  glass  tube  about  three  feet  long,  and  close  at  one  end, 
and  then  having  filled  it  with  mercury,  to  plunge  its  mouth 
(stopped  by  the  finger  while  turning)  into  a  small  cup  or  basin 
of  mercury: — ^the  fluid  falls  away  a  little  from  the  top  of  the 
tube,  leaving  a  vacuum  there,  and  stands  at  tj^e  elevation  which 
the  atmospheric  pressure  is  fitted  to  maintain.  We  know,  from 
the  law  of  hydrostatics  already  explained,  that  it  is  of  no  im- 
portance, in  such  a  case,  what  the  shape,  or  inclination^  or  size 
of  the  tube  may  be,  as  only  the  perpendicular  height  can  measure 
or  be  measured  by  the  pressure. 

Galileo  had  found  that  water  would  rise  under  the  piston  of 
a  pump  to  a  height  only  of  about  thirty-four  feet  His  pupil 
Torricelli  conceiving  the  happy  thought,  that  the  weight  of  the 
atmosphere  might  be  the  cause  of  the  ascent,  concluded  that 
mercury,  which  is  about  thirteen  times  heavier  than  water, 
should  only  rise  under  the  same  influence  to  a  thirteenth  of  the 
elevation: — ^he  tried  and  found  that  this  was  so,  and  the  mer- 
curial barometer  was  invented.  To  afibrd  further  evidence 
that  the  weight  of  the  atmosphere  was  the  cause  of  the  phe« 
nomenon,  he  afterwards  carried  the  tube  of  mercury  to  the  tops 
of  buildings  and  of  mountains,  and  found  that  it  fell  always  in 
exact  proportion  to  the  part  of  the  atmosphere  Itft  below  it;~- 
and  he  found  that  water-pumps  in  difierent  situations  varied  as 
to  sucking  power,  according  to  the  same  law. 

It  was  soon  afterwards  discovered,  by  careful  observation  of 
the  mercurial  barometer,  that  even  when  one  remained  in  the 
same  place,  it  did  not  always  stand  at  the  same  elevation;  in 
other  words,  that  the  weight  of  atmosphere  over  any  particular 
part  of  the  earth  was  constantly  fluctuating;  a  truth  which,  with- 
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out  the  barometer^  eould  never  havcbeen  suspected.  The  ob- 
servatioa  of  the  instrument  being  carried  still  fartlier,  it  was 
founds  that  in  serene  dry  weather  the  mercury  generally  stood 
high,  and  that>  before  and  during  storms  and  rain  it  feU: — the 
instrument  therefore  might  serye  as  a  prophet  of  the  weatheri 
becoming  a  precious  monitor  to  the  husbandman  or  the  sailor. 

The  reasons  why  the  barometer  falls  before  wind  and  rain  will 
be  better  understood  a  few  pages  hence;  but  we  may  remark 
here,  that  when  water  which  has  been  suspended  in  the  atmos- 
phere,  and  has  formed  a  part  of  it,  separates  as  rain,  the  weight 
and  bulk  of  the  mass  are  diminished:  and  that  wind  must  occur 
when  a  sudden  condensation  of  aeriform  matter,  in  any  situation, 
disturbs  the  equilibrium  of  the  air,  for  the  air  around  will  rush 
towards  the  situation  of  diminished  pressure. 

To  the  husbandman  the  barometer  is  of  considerable  use,  by 
aiding  and  correcting  the  pr<^ao3tic8  of  the  weather  which  he 
draws  from  local  signs  familiar  to  him;  but  its  great  use  as  a 
weather-glass  seems  to  be  to  the  mariner,  who  roams  over  the 
whole  ocean,  and  is  often  under  skies  and  climates  altogether 
new  to  him.  The  watchful  captain  of  the  present  day,  trusting 
to  this  extraordinary  monitor,  is  frequently  enabled  to  take  in 
sail  and  to  make  ready  for  the  storm,  where,  in  former  times, 
the  dreadful  visitation  would  have  fallen  upon  him  unprepared. 
— ^The  marine  barometer  has  not  yet  been  in  general  use  for 
many  years,  and  the  author  was  one  of  a  numerous  crew  who 
probably  owed  their  preservation  to  its  almost  miraculous 
warning.  It  was  in  a  southern  latitude.  The  sun  had  just  set 
with  placid  appearance,  closing  a  beautiful  afternoon,  and  the 
usual  mirth  of  the  evening  watch  was  proceeding,  when  the 
captain's  order  came  to  prepare  with  all  haste  for  a  storm. 
The  barometer  had  begun  to  fall  with  appalling  rapidity.  As 
yet,  the  oldest  sailors  had  not  perceived  even  a  threatenitg  in 
the  sky,  and  were  surprised  at  the  extent  and  hurry  of  the  pre- 
parations: but  the  required  measures  were  not  completed,  when 
a. more  awful  hurricane  burst  upon  them  than  the  most  expe- 
rienced had  ever  braved.  Nothing  could  withstand  it;  the  sails 
already  furled  and  closely  bound  to  the  yards,  were  riven  away 
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in  tatters;  even  the  bare  yards  and  masts  were  in  great  part 
disabled;  and  at  one  time  the  whole  rigging  had  nearly  fallen 
by  the  board.  Such,  for  a  few  hours,  was  the  mingled  roar  of 
the  hurricane  above,  of  the  waves  around,  and  of  the  incessant 
peals  of  thunder,  that  no  human  voice  could  be  heard,  and, 
amidst  the  general  consternation,  even  the  trumpet  sounded  in 
vain.  In  that  awful  night,  but  for  the  little  tube  of  mercury 
which  had  given  the  warning,  neither  the  strength  of  the  noble 
ship,  nor  the  skill  and  energies  of  the  commander,  could  have 
saved  one  man  to  tell  the  tale.  On  the  following  morning  the 
wind  was  a^in  at  rest,  but  the  ship  lay  upon  the  yet  heaving 
waves,  an  unsightly  wreck. 

The  marine  barometer  differs  from  that  used  on  shore,  in 
having  its  tube  contracted  in  one  place  to  a  very  narrow  bore, 
so  as  to  prevent  that  sudden  rising  and  falling  of  the  mercury, 
which  every  motion  of  the  ship  would  else  occasion. 

Civilized  Europe  is  now  famililair  with  the  barometer  and  its 
uses,  and  therefore,  that  Europeans  may  conceive  the  first  feel* 
iogs  connected  with  it,  they  require  almost  to  witness  the  asto- 
niriiment  T>r  incredulity  with  which  people  of  other  parts  still 
regaM  it.  A  Chinese  one*  conversing  on  the  subject  with  the 
author,  could  only  imagine  of  the  barometer,  that  it  was  a  gift 
of  miraculous  nature,  which  theCrod  of  Christians  gave  them  in 
pity,  to  direct  them  in  the  long  and  perilous  voyages  which 
they  undertook  to  unknown  seas. 

A  barometer  is  of  great  use  to  persons  employed  about  those 
mines  in  which  hydrogen  gasj  or  Jire^amp^  is  generated  and 
exists  in  the  crevices.  When  the  atmosphere  becomes  unusually 
light,  the  hydrogen  being  relieved  from  a  part  of  the  pressure 
which  ordinarily  confines  it  to  its  holes  and  lurking-places,  ex- 
pands or  issues  forth  to  where  it  often  meets  the  lamp  of  the 
miner  iind  explodes  to  his  destruction.  In  heavy  states  of  the 
atmosphere,  on  the  contrary,  it  is  pressed  back  to  its  hiding 
places,  and  the  miner  advances  with  safety. 

We  see  from  this  that  any  reservoir  or  vessel  containing  air 
would  itself  answer  as  a  barometer  if  the  only  opening  to  it 
were  through  a  long  tabular  jieck,  containing  a  close-sliding 
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pittg,  for  then  Mcording  to  the  weight  and  presmre  of  the  ex* 
ternal  air  the  density  of  that  in  the  cavity  would  vary,  and  all 
changes  would  be  marked  by  the  position  of  the  moveable  plug. 
A  beautiful  barometer  has  really  been  made  on  this  principle  by 
using  a  vessel  with  a  long  slender  neck  of  glass,  in  which  a 
globule  of  mercury  is  the  moveable  plug. 

The  state  of  the  atmosphere,  as  to  weight,  difiers  so  much  at 
different  times  in  the  same  situation,  as  to  produce  a  range  of 
about  three  inches  in  the  height  of  the  mercurial  barometer; 
that  is  to  say,  from  twenty-eight  to  thirty-one  inches.  On  the 
occasion  of  the  great  Lisbon  earthquake,  however,  the  mercury 
fell  so  far  in  the  barometer,  even  in  Britain,  as  to  disappeur 
from  that  portion  at  the  top  usually  left  uncovered  for  observa- 
tion. The  uncovered  part  of  the  barometer  is  commonly  of 
five  or  six  inches  in  length,  with  a  divided  scale  attached  to  it, 
on  which  the  figures  28,  29,  &c.  indicate  the  number  of  inches 
from  the  surface  of  the  mercury  at  the  bottom  to  the  respective 
divisions:— on  the  lower  part  of  the  scale  the  words  mnil  and 
rain  are  generally  written,  meaning  that  when  the  mercury 
sinks  to  them,  wind  and  rain  are  to  be  expected  a&d  on  the 
upper  part,  dry  and  fine  appear,  for  a  corresponding  reasoo: 
but  we  have  to  recollect  that  it  is  not  the  absolute  height  of  the 
mercury  which  indicates  the  existing  or  coming  weather,  but 
the  recent  change  in  its  height;-^-a  falling  barometer  usually 
telling  of  wind  and  rain;  a  rising  one  oC  serene  and  dry 
weather. 

The  barometer  answers  another  important  purpose,  besides  that 
of  a  weather-glass — ^in  enabling  us  to  ascertain  readily  the 
height  of  mountains,  or  of  any  situation  to  which  it  can  be 
carried. 

As  the  mercurial  column  in  the  barometer  is  always  an  exact 
indication  of  the  pressure  produced  by  the  mass  of  air  above  it» 
level,  being  indeed,  as  explained  in  the  foregoing  paragraphs,  of 
equal  weight  with  a  column  of  the  air  of  equal  base  with  itself, 
and  reaching  from  it  to  the  top  of  the  atmosphere; — the  mercury 
must  fall  when  the  instrument  is  carried  from  any  lower  to  any 


ATMOSPHBRIC  PHSSSUmS^-^-BABOlCBTBR.  91^ 

higher .situattoni  and  the  degree  of  falling  must  always  tell  exact- 
ly how  much  air  has  been  left  below.  For  inatanoe,  if  thirty 
inches  Ijiarometrieal  height  mark  the  whcrfe  atmospheric  pressure 
at  the  surface  of  the  ocean,  and  if  the  instrument  be  fottodi  when 
earried  to  some  other  situation^  to  stand  at  only  twenty  inches, 
it  proves  that  one-third  of  the  atmospha^e  exists  below  the  level 
of  the  new  situation.  If  our  atmospheric  ocean  were  of  as  uni- 
form density  all  the  way  up  as  our  watery  oceans,  a  certain 
weight  of  air  thus  left  behind  in  ascending  would  mark  ^r&ry 
where  a  change  of  level  nearly  equal,  and  the  ascertaining  any 
height  by  the  barometer  would  become  one  of  the  most  simple 
of  calculations: — the  air  at  the  surfaee  of  the  earth  being  about 
tweke  tliousand  times  lighter  than  its  bulk  of  mercury,  an  inch 
rise  or  fall  of  the  barom^r  would  mark  every  where  a  rise  or 
fidl  in  the  atmosphere  of  twelve  thousand  inches  or  one  thousand 
ieet  But  owing  to  the  elasticity  of  air,  which  causes  it  to  in- 
crease in  volume  as  it  escapes  from  pressure,  the  atmosphere  is 
rarer  in  proportion  as  we  ascend,  so  that  to  leave  a  given  weight 
of  it  behind,  the  ascent  must  be  greater,  the  higher  the  situation 
where  the  experiment  is  made:  the  rule  therefore  of  one  inch  of 
meroury  for  a  thousand  feet,  holds  only  for  rough  estimates  near 
the  surface  of  the  earth.  The  precise  calculation,  however,  for 
any  ease^  is  still  very  easy;  and  a  good  barometer,  with  a  ther- 
mometer attached,  and  with  tables,  or  an  algebraical  formula 
founded  on  observation  of  all  the  influencing  circumstances,  en- 
bles  us  to  ascertain  elevations  much  more  easily,  and  in  niany 
cases  more  correctly,  than  by  trigonometrical  survey. 

The  weight  of  the  whole  atmospherical  ocean  surrounding  the 
earth  being  equal  to  that  of  a  watery  ocean  of  thirty-four  feet 
deep,  or  of  a  covering  of  mercury  of  thirty  inches;  and  the  air 
found  at  the  surface  of  the  earth  being  eight  hundred  and  forty 
times  lighter  than  water,  if  the  same  density  existed  all  the 
way  up,  the  atmosphere  would  be  34  times  S40^  or  about  26,000 
feet  high,  which  is  equal  to  five  miles  and  a  haUl  On  ac- 
count of  the  greater  rarity,  however,  in  the  superior  re- 
ipons,  it  really  extends  to  a  hight  of  nearly  fifty  miles.  Prom 
the  known  laws  of  aerial  elasticity,  explained  at  page  287,  we 
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can  deduce  what  is  found  to  hold  in  fact,  that  one-half  of  «H 
the  air  constituting  our  atmosphere  exists  within  three  miles 
and  a  half  from  the  earth's  surface;  that  is  to  saji  under  the 
leyel  of  the  summit  of  Mont  Blanc.  A  person  unaccustomed 
to  calculation,  supposes  the  air  to  be  more  equally  distributed 
through  the  fifty  miles  than  this  rule  indicates,  as  he  might 
at  first  also  suppose  a  tube  of  two  feet  diameter  to  hold  only 
twice  as  much  as  a  tube  of  one  foot,  although  in  reality  it  holds 
four  times  as  much. 

In  carrying  a  barometer  from  the  level  of  the  Thames  to  the 
top  of  St  Paul's  Church  in  London,  or  of  Hampatead  Hill,  the 
mercury  falls  about  half  an  inch,  marki&g  an  ascent  of  about 
five  hundred  feet  On  Mont  Blanc  it  falls  to  half  of  the  entire 
barometric  height,  marking  an  elevation  of  fifteen  thousand 
feet;  and  in  Du  Luc's  famous  balloon  accent  it  fell  to  below 
twelve  inches,  indicating  an  elevation  of  twenty-one  thousand 
feet,  the  greatest  to  which  man  has  ever  ascended  from  the 
surface  of  his  earthly  habitation. 

The  extreme  rarity  of  the  air  on  high  mountains  must  of 
course  affect  animals.  A  person  breathing  on  the  summit  of 
Mont  Blanc,  although  expanding  his  chest  as  much  as  usual, 
really  takes  in  at  each  inspiration  only  half  as  much  air  as  be 
does  below— exhibiting  a  contrast  to  a  man  in  the  diving*bell, 
who,  at  thirty-four  feet  under  water  is  breathing  air  of  double 
density,  at  sixty  eight  feet  of  triple,  and  so  on.  It  is  known 
that  travellers,  and  even  their  practised  guides,  often  fall  down 
suddenly  as  if  struck  by  lightning,  when  approaching  lofty 
summits,  on  account  chiefly  of  the  thinness  of  the  air  which 
they  are  breathing,  and  some  minutes  elapse  before  they  reco- 
ver. In  the  elevated  plains  of  South  America,  the  inhabitants  -^ 
have  larger  chests  than  the  inhabitants  of  lower  regions— ex- 
hibiting another  admirable  instance  of  the  animal  frame  adapt- 
ing itself  to  the  circumstances  in  which  it  is  placed. — It  appears, 
from  all  this,  that  although  our  atmosphere  be  fifty  miles  high, 
it  is  so  thin  beyond  three  miles  and  a  half,  that  mountain  ridges 
of  greater  elevation  are  nearly  as  efiectual  barriers  between  na- 
tions of  men,  as  are  islands  or  rocky  udges  in  the  sea,  between 
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Ibe  finny  tribes  inhabiting  the  opposite  coasts.  The  intense 
cold  which  appertains  to  high  situations,  and  forms  another  ob- 
stacle to  human  approach,  remains  to  be  considered  in  our  next 
division. 

A  barometer  connected  with  an  air  pump,  indicates  exactly 
the  progress  and  degree  of  exhaustion  in  the  receivers.  When 
the  mercury  falls  to  half  its  height,  it  shows  that  half  of  the  air 
is  extracted;  and  so  for  all  other  proportions.  A  barometer,  then 
is  a  necessary  appendage  to  a  complete  air-pump;  but  as  its  chief 
purpose  is  to  mark  when  the  exhaustion  is  carried  nearly  to 
completion,  a  very  short  tube,  corresponding  to  the  bottom  of 
a  common  barometer,  is  all  that  is  generally  provided,  and  it  is 
usually  made  of  syphon  form. 

Professor  Lieslie's  ingenious  new  method,  mentioned  at  page 
266,  of  ascertaining  the  specific  gravity  of  the  solid  material 
forming  any  porous  mass  or  powder,  includes  the  agency  of  a 
barometer.  It  proceeds  upon  this  reasoning.  The  interstices  of 
a  porous  or  pulverised  mass  are  filled  with  air  of  the  density  of 
the  surrounding  atmosphere,  and  if  the  atmospheric  pressure  on 
which  that  density  depends  be  diminished  upon  the  mass  in 
any  given  degree,  an  exactly  corresponding  proportion  of  the  air 
will  issue  from  the  pores  and  if  measured,  will  declare  the- whole 
quantity,  and  therefore  the  amount  of  interstice  or  pores  in  the 
solid  mass.  Now  if  the  substance  were  enclosed  at  the  end  of 
a  syringe,  the  pressure  of  the  atmosphere  might  be  taken  off 
from  it  by  drawing  at  the  piston,  and  the  air  would  issue  from 
the  pores  as  described,  and  would  follow  the  piston.  Mr. 
Leslie  conceived  the  happy  idea  of  substituting  for  a  solid  pis- 
ton, of  which  it  would  be  difiicult  to  measure  the  precise  ac- 
tion, the  liquid  piston  of  a  mercurial  column,  of  which  the 
force  is  always  proportioned  to  the  length.  He  takes  an  open 
glass  tube,  a  e,  of  known  dimensions,  and  prepares  a  part  of  its 
top,  a  i,  as  a  recepticle  for  the  substance  under  trial,  by  ;iffix- 
ing  a  partition  at  b,  which  shall  support  the  substance,  but  al- 
low passage  to  air.  Having  then  filled  a  b  with  the  substance, 
•he  immerses  the  tube  in  a  vessel  of  mercury  d  /,  until  the 
mercury  stand  both  inside  and  outside  of  the  tube  at  the  level 
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of  6.  It  is  evident  that  on  then  closing  the  top  of  a 
in  an  air-tight  manner,  and  lifting  the  tube,  a  co- 
lumn of  mercury  will  remain  in  the  tube,  above  the 
level  of  the  external  mercury  at  d,  and  will  be  ac< 
ting  as  a  piston  pulling  down  from  b  with  force  pro- 
portioned to  the  height  of  the  column.  Then  if  the 
tube  be  lifted  until  such  mercurial  column  erf  be  just 
half  the  length  of  the  column  in  a  common  barometer^ 
the  air  in  the  pores  of  the  substance  will  be  relieved 
from  half  of  the  atmospheric  pressure,  and  will  dilate 
to  double  bulk,  and  while  half  of  the  air  will  remain 
in  the  pores,  the  other  half  will  issue  forth  and  will 
occupy  the  space  b  c,  between  the  surface  of  the 
mercury  and  the  partition  at  b.  This  space  b  Cj 
therefore,  will  be  exactly  equal  to  the  amount  of  the 
pores  or  interstices ;  and  as  it  may  be  measured  and 
compared  with  the  whole  space  a  b,  its  ascertained 
magnitude  will  solve  the  problem.  Mr.  Leslie  has 
found  in  this  way  that  charcoal,  which  is  usually  said  to  be  only 
half  as  heavy  as  its  bulk  of  water,  is  really  formed  of  matter 
nearly  four  times  as  heavy;  proving,  in  a  new  way,  the  identi- 
ty of  charcoal  and  diamond:  and  he  has  found  light  pumice- 
stone  to  consists  of  matter  heavier  than  granite  or  marble.  His 
very  ingenious  thought  may  lead  ultimately  to  many  useful  re- 
sults, and  the  contrivance  merits  consideration  here,  as  exhibit- 
ing under  a  new  and  interesting  aspect  the  rational  of  barome- 
tric action  and  the  elasticity  of  air. 

Jitmospheric  pressure  determining  the  liquid  or  aeriform 
state  qf  certain  substances.     {See  the  analysis^  page  282.) 

It  has  already  been  stated  that  the  gases  or  substances  usually 
in  the  aeriform  state,  may  be  reduced  to  the  liquid,  or  even  solid 
form  by  simple  pressure,  and  abstraction  of  the  heat  which  was 
combined  with  them  in  the  aeriform  state.  Common  air,  car- 
bonic acid,  the  common  coal  gas,  &c.  have  been  treated  in  this 
way*  Now  it  becomes  an  interesting  question  whether  many 
other  substances  at  present  known  as  liquids  on  the  &ce  of  the 
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earthy  where  they  are  bearing  the  pressure  of  the  atmosphere, 
might  not  appear  as  airs  if  that  pressure  did  not  exist 

On  investigating  this  subject  by  experiment,  we  accordingly 
find,  that  ethery  alcohol  or  ardent  spiritSy  volatile  oils,  &c., 
Rnd  even  toater  itself,  are  only  known  to  us  here  as  liquids, 
because  their  particles  are  kept  together  by  the  weight  and  pres* 
mire  of  a  superincumbent  atmosphere.  Any  of  these  substances^ 
relieved  by  art  from  such  pressure,  immediately  becomes  an  air 
o^  fS^9  just  as  a  common  gas,  which  has  been  kept  in  the  state 
of  liquid  by  any  great  pressure,  becomes  air  again  on  being  re- 
lieved. 

In  our  first  chapter  we  explained  the  dependance  of  the  three 
forms  which  any  body  may  assume,  viz,  of  solid,  liquid,  or  air, 
6n  the  quantity  of  heat  difilised  among  the  particles:  we  now 
see  however  that,  to  understand  the  subject  completely,  we  must 
consider  also  the  effect  of  accidental  pressure;  for,  while  heat 
is  the  power  separating  the  atoms  in  the  changes  mentioned,  it 
has  to  overcome  both  the  mutual  attraction  of  the  atoms  and  the 
additional  force  of  the  atmosphere  pressing  them  together. 
The  combined  influence  of  these  forces  is  fully  displayed  in  the 
two  phenomena  called  bailing  and  evaporation^  which  exhibit 
the  progress  of  the  change  of  a  liquid  into  an  aeriform  fluid: — 
phenomena  which  we  now  proceed  to  examine. 

BoiHng.-^li  water  be  placed  in  a  suitable  vessel  over  a  com* 
tnon  fire,  or  over  the  flame  of  a  lamp,  it  is  gradually  heated  ta 
a  certain  degree;  and  then  small  bubbles  of  aeriform  matter 
(water,  viz.  in  the  state  called  steam)  are  seen  forining  at  the 
bottom  of  the  vessel,  and  successively  rising  to  die  sur&ce^ 
where  they  disappear  by  mixing  with  the  atmosphere;  and  the 
operation  being  continued,  the  quantity  of  water  diminidies 
with  every  bubble,  until  the  whole  vaniriies  under  the  new  form 
of  air. 

This  change  takes  place  in  water,  uttder  eommoo  eircum* 
stances,  at  the  degree  of  heat  marked  2\9P  wk  Fahienheit'a 
thermometer;  at  which  therefore,  the  repulsive  powers  moog 
the  particles  is  just  sufficient  to  overcome  both  dieir  natural  at- 
traction, and  the  eompressing  force  of  the  atmosphere  of  fifteen 
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pounds  on  the  ioch.  But  a  less  degree  of  heat  suffices  if  the 
pressure  of  the  atmosphere  be  lessened  or  removed;  and  a  greater 
degree  is  required  if  pressure  be  increased.— Water  on  the  top 
of  Mont  Bianc  boils  at  180°,  because  relieved  from  the  pressure 
of  the  air  that  is  below  the  Icivel  of  the  mountain's  summit;  and 
at  all  intermediate  heights  in  descending  to  the  level  of  the  sea, 
or  still  farther  to  the  bottom  of  mines  below  that  level,  there  is 
a  corresponding  increase  of  the  boiling  temperature. — So  exactly 
is  this  the  case,  that  we  now  find,  it  to  be  a  good  method  of  as- 
certaining the  heights  of  places,  merely  to  observe  the  heat  of 
boiling  water  at  them. — In  a  boiler  the  water  near  the  bottom 
is  the  hottest,  because  it  is  bearing  an  additional  pressure  propor- 
tioned to  the  depth,  and  does  not  therefore  give  out  the  steam 
which  it  would  part  with  if  a  little  higher  up.  In  very  large 
and  deep  boilers,  therefore,  such  atf  are  used  in  great  porter 
breweries,  the  liquor  is  much  more  heated  than  it  can  be  in 
smaller  vessels; — a  circumstance  which  probably  has  an  in- 
fluence on  its  ultimate  quality. 

While  water  under  common  atmospheric  pressure,  or  when 
the  barometer  stands  at  thirty  inches,  boils  at  212%  other  sub* 
stances,  with  other  relations  to  heat,  have  their  boiling  points 
higher  or  lower: — ether,  for  instance,  at  98°;  spirit  or  alcohol 
at  174°;  fish-oil  and  tallow  at  about  600°;  mercury  at  650° 

It  is  in  consequence  of  the  different  temperatures  at  which 
the  particles  of  different  substances  acquire  repulsion  enough  to 
rise  against  the  atmospheric  resistance^  that  the  chemist  is  ena- 
bled to  perform  the  operation  called' c/i^/iV/ai^.  If  a  mixture 
of  spirits  and  water,  for  instance,  be  heated  up  to  180°,  the 
spirit  will  pass  off  in  the  aeriform  state,  leaving  the  water  behind^ 
and  may  be  caught  apart  and  condensed  in  any  fit  receiver. 
Distillation  is  the  best  means  we  possess  of  separating  many 
substances  from  each  other:  as  spirit  from  wine  or  other  fermen- 
ted liquor, — various  acids  from  water^ — water  itself  from  its 
common  impurities, — mercury  from  gold  which  it  has  been 
used  to  dissolve  from  among  the  rubbish  of  a  mine  or  river** 
bottom. 
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We  must  call  to  mind  here  what  was  mentioned  in  a  former* 
part  of  the  work^  that  a  large  quantity  of  heat  combines  with 
every  substance  during  its  change  of  form  from  solid  to  liquid, 
or  from  liquid  to  air;  which  quantity,  from  not  remaining  sen-' 
dible  to  the  thermometer,  has  received  the  name  of  latent  or 
concealed  heat.  The  same  is  given  out  again  in  the  contrary 
change.  In  the  conversion  of  water  into  steam,  the  heat  which 
thus  disappears  is  about  1,000  degrees,  or  six  times  as  much  as 
is  required  to  raise  the  cold  water  to  the  boiling  point:  this  is 
proved  by  the  time  and  fuel  expended  in  boiling  any  quantity 
to  dryness,  and  by  the  fact  that  a  pint  of  water  in  the  form  of 
steam  will  combine  instantly  with  six  pints  of  cold  water,  rais« 
ing  the  whole  to  boiling  heat. 

But  for  the  fact  of  latent  heat,  the  conversion  of  a  liquid  into 
air  would  not  be  the  gradual  process  of  boiling  which  we  now 
see,  but  a  sudden  and  terrible  explosion:  for  when  any  quantity 
of  water  were  raised  to  the  boiling  heat,  one  degree  more  would 
be  su£Scient  to  convert  the  whole  into  steam  But  for  the  same 
reason,  the  thawing  of  winter  snow  would  always  be  a  sudden 
and  frightful  inundation.  On  the  other  hand,  if  water  in  freez- 
ing had  not  to  give  out  again  its  Iktent  heat,  after  any  quantity 
were  once  cooled  down  to  the  freezing  point,  the  abstraction  of 
one  degree  more  would  convert  the  whole  into  a  solid  mass.— » 
Thus,  then,  effecting  most  important  purposes  in  nature  and 
art,  all  changes  from  solid  to  liquid,  and  from  liquid  to  air,  and 
the  converse  changes,  are  very  gradual. 

If  a  little  heat  be  abstracted  from  steam,  a  part  of  the  steam 
proportioned  to  the  abstraction  is  immediately  condensed  into 
water.  What  is  called  steam  in  common  language — as  the  va- 
pour issuing  from  a  boiling  kettle  or  tea-urn — is  not  truly  steam, 
but  small  globules  of  water  already  condensed  by  the  cold  air 
and  mixed  with  it  Steam  is  as  dry  and  invisible  as  air  itself; 
but  the  instant  that  it  comes  in  contact  with  air  colder  than  212^, 
it  becomes  water;  and  the  exceedingly  small  particles  uniformly 
scattered,  exhibit  the  appearance  so  familiar  to  us. 

The  fact  of  latent  heat,  obvious  as  it  appears  when  now  sta- 
ted^ has  been  known  but  of  late.     The  discovery  of  it  led  to 
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those  improvements  of  the  steam-engine,  whieh  have  since  bad 
dnch  an  effect  upon  the  state  of  the  arts  of  life.  Dr.  Black,  of 
Bdinburgh,  and  James  Watt,  of  Glasgow,  are  the  two  names  hon- 
oured by  connexion  with  the  discovery  and  its  eonseqaences. 

By  means  of  the  exhausting  air-pump  on  one  hand,  and  of  the 
condensing  syringe  on  the  other,  all  the  above-mentioned  facts^ 
depending  on  the  atmospheric  pressure,  and  its  increase  or  dim- 
inution, may  be  strikingly  shown. 

Thus  to  exhibit  the  effect  of  diminished  pressure,  water  which 
is  not  heated  by  several  degrees  to  the  boiling  point  of  ordinary 
low  situations,  but  which  would  be  boiling  at  the  top  of  Mont 
Blanc,  is  caused  to  boil  instantly  by  placing  it  under  the  receiv- 
er of  an  air-pump,  and  making  a  few  strokes  of  the  piston;  if  the 
exhaustion  be  rendered  complete,  the  water  will  boil,  even  when 
less  warm  by  20^  than  the  blood  oT  animals;  and  at  degrees  of 
temperature  still  much  lower,  it  will  rapidly  assume  the  form 
of  air,  although  without  exhibiting  the  violent  agitation  of  boil- 
ing. Other  liquids,  as  spirits,  ether,  &c,  from  requiring  in- 
ferior degrees  of  heat  to  separate  their  particles  to  aeriform  dis- 
tances, boil  under  the  receiver  of  an  air-pump  at  very  low  tem- 
peratures; ether,  for  instance,  when  as  cold  as  freezing  water* 

On  the  other  hand,  to  exhibit  the  effect  of  increased  pressure, 
if  we  confine  the  particles  of  a  liquid  still  more  than  by  a  com- 
mon atmospheric  or  equivalent  weight,  degrees  of  heat  higher 
than  the  common  boiling  point  will  be  required  to  separate  them. 
In  a  diving-bell  at  sixty-eight  feet  under  the  surface,  the  boiling 
point  of  water  is  272^  instead  of  212%  and  at  any  other  depth  it 
is  higher  than  212^  in  proportion  to  the  depth.  At  the  surface 
of  the  earth,  if  we  heat  water  in  a  close  vessel  into  which  we 
have  forced  air  so  as  to  press  30  pounds  on  the  inch  instead  of 
15,  as  the  atmosphere  does;  or  from  which  we  prevent  the  steam 
from  escaping  until  it  has  acquired  the  force  of  a  double  atmos- 
phere,— before  making  the  liquid  boil  we  shall  have  to  raise  the 
heat,  in  a  corresponding  proportion  beyond  212^.  Under  a 
very  strong  pressure,  water  may  be  rendered  almost  red-hot, 
but  the  force  with  which  its  particles  are  then  tending  to  sep- 
arate is  almost  that  of  inflamed  gunpowder.     Even  then,  how- 
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ever,  if  a  gradnal  issue  were  allowed,  only  a  certain  quantit^rof 
tbe  water  would  absorb  and  render  latent  the  existinf;  excess  of 
heat  above  212®  and  would  become  common  steam,  leavinpc  be- 
hind a  considerable  portion  as  boiling  water  ofthe  ordinary  tem« 
perature. 

The  fact  that  liquids  are  driven  ofi^  or  made  to  boil  at  lower  de« 
grees  of  heat  when  the  atmospheric  pressure  is  lessened  or 
removed,  has  recently  been  applied  to  some  very  usrful  pur- 
poses. 

The  process  for  refining  sugar  is  to  desolve  impure  sugar  in 
water,  and  after  clarifying  the  solution,  to  boil  off  or  evaporate 
the  water  again,  that  the  dry  crystallized  mass  may  remain. 
Formerly  this  evaporation  was  performed  under  the  atmosphe- 
ric pressure,  and  a  heat  of  218®  or  220®  was  required  to  make 
the  syrup  boil;  by  which  degree  of  heat,  however,  a  portion  of 
the  sugar  was  discoloured  and  spoiled,  and  the  whole  product 
was  deteriorated.  The  valuable  thought  occurred  to  Mr.  How- 
ard, that  the  water  might  be  dissipated  by  boiling  the  syrup  in 
a  vacuum  or  place  from  which  air  was  excluded,  and  therefore 
at  a  low  temperature.  This  was  done  accordingly;  and  the  sa- 
ving of  sugar  and  the  improvement  of  quality  were  such,  as 
to  make  the  patent  right,  i^ich  secured  the  emoluments  of  the 
process  to  him  and  other  parties,  woKh  many  thousand  pounds 
a  year.  The  syrup,  during  this  process,  is  not  more  heated 
than  it  would  be  in  a  vessel  merely  exposed  to  a  summer  sun. 

In  the  preparation  of  many  medicinal  substances,  the  process 
of  boiling  in  vacuo  is  equally  important  Many  extracts  from 
vegetables  have  their  virtues  impaired,  or  even  destroyed,  by  a 
heat  of  212®;  but  when  the  water  used  in  making  the  extract  is 
driven  off  in  vacuo,  the  temperature  need  never  be  higher  than 
blood-heat,  and  all  the  activity  of  the  fresh  plant  remains  in  the 
extract. 

In  the  same  manner,  in  the  process  of  distillation, — which  is 
merely  the  receiving  and  condensing  again  in  apjMropriate  ves- 
sels the  aeriform  matter  raised  by  heat  from  any  mass, — sub- 
stances which  are  changed  and  injured  by  an  elevated  tempera- 
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turei  may  be  obtained  of  admirable  quality  by  carrying  on  the 
operation  in  a  vacuum.  The  essential  oils  of  lavender,  pepper- 
mint, &c.  never  had  the  natural  flavour  and  virtues  of  the  plants 
until  within  the  last  few  years,  since  this  plan  has  been  adopted. 
The  influence  on  the  human  system  of  vegetable  medicines 
thus  obtained,  is  so  difierent  from  that  of  the  old  preparations, 
that  the  practitioner  requires  carefully  to  advert  to  the  circum-^ 
stance. 

The  apparatus  for  evaporating  and  distilling  in  vacuo  con- 
sists of  vessels  strong  enough  to  bear,  when  quite  empty,  the 
external  atmospheric  pressure,  and  therefore  generally  of  arched 
form.  The  vacuum  is  produced  and  maintained  by  air-pumps 
driven  by  a  steam-engine  or  otherwise;  or  by  the  direct  admis- 
sion of  steam,  which  .after  expelling  the  air  is  condensed  into 
water. 

The  author  proposes  a  very  simple  contrivance 
to  answer  the  purpose  of  such  air-pumps  and 
steam-engines  or  apparatus,  and  which  in  many 
instances  therefore  may  be  preferable.  It  is 
merely  to  establish  a  communication  between  a 
close  boiler  as  a,  and  the  vacuum  at  the  top  of  a 
water  barometer,  as  A.  The  strong  vessel  b 
forming  the  top  of  y|e  baromet^,  and  thirty- 
six  feet  of  tube  b«ow,  reaching  to  rf,  arc 
first  filled  with  water  through  a  cock  e  at  the 
top;  this  cock  being  then  shut,  and  another  cock 
d  at  the  bottom  being  opened,  the  water  will 
sink  down  out  of  the  vessel,  i,  until  the  co- 
lumn in  the  tube  be  only  thirty-four  feet  high,  as 
at/,  that  being  the  height  which  the  atmos- 
phere will  support.  On  then  opening  a  communi>^ 
.  cation  between  the  boiler  a  and  the  vacuum  in  ft, 
the  operation  will  go  on  as  desired,  and  the  steam  rising  from  a 
may  be  condensed  in  6  by  a  little  stream  of  cold  water  allowed 
constantly  to  run  through  from  above.  This  water  it  is  evi- 
dent, would  always  pass  downwards  to  the  column  below,  with* 
out  filling  up  or  impairing  the  vacuum.     If  air  should  find  ad* 
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mittance  in  any  way,  the  perfect  iraeuum  could  easily  be  repro- 
duced as  at  first;  and  it  might  be  conrenient  to  have  two  similar 
▼easels  like  6«  of  which  one  could  be  emptied  of  air  while  the 
other  were  in  action.  The  author  planned  this  as  a  simple  ap- 
paratus for  the  preparation  of  medicinal  extracts;  and  it  appears 
also  particularly  well  suited  for  the  manufacturing  of  sugar  in 
the  colonies,  where  air-pumps  and  nice  machinery  can  with  di£S- 
eulty  be  either  obtained  or  managed.  On  many  sugar  estates* 
there  is  a  fall  of  water,  which  would  supply  the  barometer  with- 
mit  the  trouble  of  pumping.  The  tube  d  c  need  not  be  perpen- 
dicular, provided  it  be  longer  in  proportion  to  its  obliquity;  and 
it  may  be  very  small.  Some  yards  of  common  lead-pipe  would 
answer. 

When  it  was  understood  that,  at  common  temperatures,  wa- 
ter and  many  other  liquids  would  be  existing  in  the  form  of  air, 
but  for  a  pressure  opposing  the  separation  of  the  particles,  it  be- 
came of  great  importance  in  many  of  the  arts,  and  for  compre- 
hending certain  phenomena  of  nature,  to  ascertain,  very  exactly^ 
with  respect  to  such  liquids,  the  degrees  of  expansive  force  be- 
longing to  them  at  different  degrees  of  temperatures.  The  sub- 
ject, as  regards  water,  has  been  investigated  with  great  care, 
and  the  following  table  shows  part  of  the  results.  The  left- 
hand  column  marks  temperatures  from  32^  of  Fahrenheit's  tfier- 
mometer,  or  the  freezing  point  of  water,  to  290^;  and  the  right- 
hand  column  marks  the  corresponding  degrees  of  force  with 
which  the  water  tends  to  expand  into  the  state  of  steam, — ^and 
therefore  also  the  force  and  density  of  the  steam  which  must  be 
collected  in  any  vessel  above  the  water  to  restrain  the  change. 
One  ounce  and  a  half  per  square  inch,  is  the  force  of  steam  ris- 
ing from  freezing  water,  that  is  to  say,  the  force  with  which 
freezing  water  seeks  to  dilate;  and  sixty  pounds  per  inch  is  the 
force  of  water  heated  to  290^. 

At  S3^    force  of  steam  is     1  ^  oz.  per  inch. 

50 Sf  oz. 

100.... 13    oz. 

150 4   lbs. 

Tt 


330  PlffBUUATies 

At  180^    force  of  steam  is    7i  lbs.  per  inch. 

212 15    lbs. 

250 80   lbs. 

272 •••••  45    lbs. 

290 60    lbs. 

In  this  table  we  have  to  remark  how  much  more  rapidly  the 
Wdency  to  form  steam  increases  than  the  temperature  of  the 
water;  for  a  rise  of  eighteen  degrees,  viz.  from  32^  to  50^,  at  the 
beginning  of  the  scale,  only  increases  the  dilating  force  one 
ounce  and  a  quarter  on  the  inch^  while  an  equal  rise  at  the  top 
of  the  scale  viz.  from  272®  to  290®,  increases  it  ^teen pounds 
This  circumstance,  imperfectly  understood,  has  led  to  many 
vain  schemes  for  improving  the  steam-engine.  Now  the  trudi 
is,  that  high-pressure  steam  is  merely  condensed  steamy  as 
high-pressure  air  is  condensed  air;  in  other  words,  the  density 
of  steam  is  greater  always  exactly  as  its  force  is  greater;  and 
the  heat  absorbed  in  its  formation  being  proportioned  to  the 
density,  the  force  and  the  cost  in  caloric  or  fuel  have  the  same 
relation  to  each  other,  at  whatever  density  the  steam  is  put  to 
use.  In  one  pint  of  steam  at  290®,  having  an  elastic  force  of 
sixty  pounds  on  the  inch,  there  is  very  nearly  four  times  as 
much  water  and  four  times  as  much  latent  heat  as  in  one  pint  of 
steam  at  212®,  which  has  a  force  of  fifteen  pounds  on  the  inch. 
It  does  not  accord  with  the  plan  of  this  work  to  enter  into  the 
minute  details  of  this  subject,  but  they  may  be  found  in  Dr. 
Ure's  excellent  Dictionary  of  Chemistry  under  the  title  Calo- 

BIC. 

Seeing  the  rapid  increase  of  the  expansive  force  in  the  above 
table,  we  have  the  explanation  of  the  terrible  effects  occasionally 
produced  by  confined  water  when  overheated.  A  boiler  of  any 
kind,  if  completely  closed  and  having  no  safety  valve,  will  ex- 
plode as  if  charged  v^ith  gunpowder.  Unhappily  the  instances 
are  too  numerous  where  the  incautious  or  ignorant  use  of  steam 
has  produced  explosions,  which  have  shattered  buildings  and 
destroyed  whole  neighbourhoods. 

To  this  part  of  our  subject  belongs  the  consideration  of  that 
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mighty  engine^  which  cannot  now  be  mentioned  without  high 
admiration,  mz» 

The  Sieant'Engine^ 

which  in  the  few  years,  since,  from  the  genius  of  Watt,  it 
sprang  to  its  present  state  of  perfection,  has  changed  the  direc- 
tion of  human  industry,  and  may  almost  be  said  to  have  eleva- 
ted man  in  the  scale  of  existence. 

.  The  name  of  sieam-enginey  to  most  persons,  brings  the  idea  . 
of  a  machine  of  the  most  complex  nature,  and  hence  intelligible 
only  to  those  who  will  devote  much  time  to  the  study  of  it;  but 
he  who  can  understand  a  common  pump  may  understand  a 
steam-engine.  It  is  in  fact  only  a  pump  in  which  the  fluid  is 
made  to  impel  the  piston  instead  of  being  impelled  by  it,  that  is 
Co  say,  in  which  the  fluid  acts  as  the  power  instead  of  being  the 
resistance.  It  may  be  described  simply  as  a  strong 
barrel  or  cylinder  c  d,  with  a  closely  fitting  piston 
in  it,  as  at  6,  which  is  driven  up  and  down  by  steam 
admitted  alternately  above  and  below  from  a  suit- 
c;;^5|c  able  boiler;  while  the  end  of  the  piston  rod  a,  at 
which  the  whole  force  may  be  considered  as  con^ 
centrated,  is  connected  in  any  convenient  way  with 
the  work  that  is  to  be  performed.  The  power  of  the 
engine  is  of  course  proportioned  to  the  size  or  area 
of  the  piston,  on  which  the  steam  acts  with  a 
Xorce  according  to  the  density,  of  from  15  to  100  or  more 
pounds  to  each  square  inch.  In  some  of  the  Cornish  mines 
there  are  cylinders  and  pistons  of  more  than  ninety  inches  in 
diameter,  on  which  the  pressure  of  the  steam  equals  the  efibrt  of 
six  hundred  horses. 

Sometimes  the  piston-rod  of  a  steam-engine  is  made  to  act 
upon  one  end  of  a  great  vibrating  beam,  while  at  the  other  end, 
immense  water-pumps  are  connected,  which  cause  almost  a  river 
to  gush  up  from  the  bowels  of  the  earth.  At  other  times  acting 
on  a  crank,  it  is  made  to  turn  complicated  machinery;  and  one 
engine,  stretching  long  arms  over  a  great  barrack  or  manufactory, 
keeps  thousands  of  spinning-wheels  in  motion  on  one  side. 
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while  it  is  carding  the  mtterial  on  another,  and  weaving  the 
eloth  on  a  third.  In  like  Dianner,  one  steam-engine  in  a  great 
jnetropolitan  brewery  may  be  seen  at  the  same  time  grinding 
the  malt,  pulling  op  supplies  of  all  kinds  from  wagons  in 
yarious  situations,  pumping  oold  water  into  some  of  the  coppers, 
sending  the  boiling  wort  from  others  up  to  lofty  cooling-pans, 
over  which  it  is  turning  the  fans;  it  may  also  be  working  the 
mash-tub,  drawing  water  from  the  deep  wells  under  ground, 
loading  the  drays — ^in  a  word,  performing  the  offices  of  a  hun- 
dred  hands.  Again,  there  are  manufactories  where  this  resist- 
less power  is  seen  with  its  mechanic  claws  seizing  masses  of 
iron,  and  in  a  few  minutes  delivering  them  out  again  pressed 
into  thin  sheets,  or  cut  into  bars  and  ribands,  as  if  the  iron  had 
become  like  soft  clay  in  the  hands  of  the  potter.  One  steam- 
engine  four  miles  from  London  is  at  the  same  instant  filling  all 
the  water  reservoirs  and  baths  and  fountains  of  the  finest  quarter 
of  the  town.  For  some  years  now  has  this  wonderful  piston-rod^ 
working  at  its  crank,  been  turning  the  paddle-wheels  of  innu* 
merable  steam-boats  in  all  parts  of  the  world;  and,  setting  at  de- 
fiance the  violence  of  the  winds  and  waves,  and  the  currents  of 
the  fleetest  rivers,  it  is  carrying  men  and  civilization  into  the 
remote  recesses  of  all  the  great  continents.  To  wherever  a 
river  leads,  the  region,  although  concealed  perhaps  since  the 
beginning  of  the  world,  is  now  called  by  the  steam-engine  from 
its  solitude^  to  form  a  part  of  the  great  garden  which  civilized 
man  is  beautifying. — Such,  and  many  more,  are  the  prodigiea 
which  this  machine  is  already  performing,  and  every  day  is 
witnessing  new  applications  of  its  utility. 

The  following  account  of  the  parts  of  the  steam-engine  is  in- 
tended, without  entering  into  minute  practical  details,  still  fully 
to  explain  the  principle  or  general  nature  of  the  machine.  It 
should  serve  to  make  evident  the  folly  of  many  of  the  modem 
schemes  for  improving  the  engine,  and  to  render  interesting  to 
an  attentive  reader,  a  visit  to  any  place  where  a  steam-eng^ine  is 
in  use. 

1st.  The  part  which  first  claims  attention  is  the  great  barrel 
c  d,  in  which  the  pisi&n  p  is  moved  up  and  down  by  the  action 
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of  steam  cmterinf;  alternately  above  and  below  it,  through  the 
pipea  e  c  and  e  d.     The  barrel  or  cylinder  is  bored  yA&i  tx^ 
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treme  accuracy,  and  the  piston  is  padded  round  the  edge  with 
hemp  or  other  soft  material,  so  as  to  make  it  perfectly  air  or 
8team*tight  Lately  pistons  have  been  made  altogether  of 
metal,  and  in  some  cases  such  answer  even  better  than  the 
others,  from  working  with  less  friction. -«2d.  The  next  part  to 
be  mentioned  is  the  hoiler  b,  which  is  made  of  suitaUe  size  and 
strength. — 3d.  The  steam  passes  from  the  boiler  along  the  pipe 
to  c,  and  there,  by  any  suitable  cock  or  valves^  is  directed  alter- 
nately to  the  upper  and  under  part  of  the  barrel;  and  while  it  is 
entering  to  press  on  one  side  of  the  piston,  it  is  allowed  to  esci^ 
from  the  other  side,  either  to  the  atmosphere,  for  high-pressure- 
engines,  or  into — 4th,  the  condenser  at  c,  for  those  of  low  pres- 
sure.—Sth.  7%«  supply  of  steam  from  the  boiler  to  the  cylin- 
der is  regulated  by  a  wilve  placed  somewhere  in  the  pipe  b  e, 
and  made  obedient  to  what  is  called — 6th,  the  ^otiem^r,— « 
contrivance  not  ref^esented  here,  but  already  described  at  page 
92,  to  illustrate  centrifugal  force.  We  may  recall  it  by  sayingi 
that  it  consists  of  two  balls  hanging  by  jointed  rods  like  the 
legs  of  a  tongs,  from  opposite  sides  of  an  upright  spindle,  which 
is  made  to  revolve  by  coonexion  with  some  turning  part  of  the 
machinery.     When  the  spindle  turns  at  all  faster  than  with  the 
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desired  speed,  the  balls  fly  more  apart,  and  are  made  to  aSeet 
the  steam  valve  so  aii  to  narrow  the  passage;  and  on  the  contrary, 
when  it  turns  more  slowly  than  is  desired,  they  collapse,  and 
by  so  doing  open  the  valve  wider. — 7th.  The  supply  of  water 
to  the  boiler  ia  regulated  by  a  Jloat  on  the  surface  of  the  water 
contained  in  the  boiler,  which  on  descending  to  a  certain  point, 
by  reason  of  the  consumption  of  water,  opens  a  valve  to  admit 
more.-*8th.  There  is  a  safety  valve  in  the  boiler,  viz.  a  well 
fitted  stopper,  loaded  so  as  to  open  before  danger  can  arise  from 
the  overheating  of  the  water.     9th.  The  rapidity  qf  the  cam'> 
bttstiofif  or  force  of  the  fire,  may  be  exactly  regulated  by  the 
state  of  the  boiler  and  the  wants  of  the  machine,  thus: — there  is 
a  large  open  tube  (not  represented  here)  rising  from  near  the 
bottom  of  the  boiler,  through  its  top  to  a  Jieight  of  several  feet^ 
and  when  the  water  in  the  boiler  is  too  hot,  and  the  steam 
therefore  too  strong,  part  of  the  water  is  pressed  up  into  this 
tube,  and  by  the  agency  of  a  float  which  rests  on  its  surface,  it 
shuts  the  chimney-valve  or  damper:  the  draught  is  then  dimi* 
Dished  and  the  fuel  saved,  until  a  brisker  fire  is  again  required, 
— 10th.  In  this  figure,  ai  g  marks  the  place  of  the  great  beaiUf 
turning  on  an  axis  at  i ,  and  through  which  the  force  of  the  pis- 
ton is  usually  conveyed  to  the  remote  machinery.     When  the 
object  is  to  raise  water,  the  pump-rods  are  simply  connected 
with  the  end  g  of  Jhe  beam,  but  when  any  rotatory  motion  is 
wanted,  the  end  g  is  made  to  turn-*llth.  a  crank  I  n  by  the 
rod  g  /;  and  uniformity  of  motion  is  obtained  by  the  influence 
of — ISth.  the  gredii  fly-wheel  m  fixed  to  the  axis  of  the  crank* 
The  smallest  and  simplest  steam-engine,  and  therefore  the 
cheapest,  is  that  called  the  high  pressure  engine.     In  it  steam 
is  used  of  great  density,  and  consequently  of  great  force,  as  of 
40  or  50  lbs.  or  more  to  the  inch;  and  while  the  fresh  steam  is 
pressing  on  one  side  of  the  piston,  the  steam  which  has  already 
worked  is  merely  allowed  to  escape,  or  rather  is  driven  out  to 
the  air,  from  the  other  side.     The  atmospheric  resistance  to  the 
issue  of  the  steam  diminishes  the  working  force  of  the  piston 
just  15  lbs.  per  inch.     The  simplicity  of  this  form  of  engine 
Tecommends  it,  but  the  danger  of  a  large  boiler  of  over^ieatad 
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wateti  like  inflamed  gunpowder,  seeking  to  escape,  has  by 
numberless  fatal  accidents  been  proved  so  great,  that  the  use  of 
such  an  engine  is  limited  to  certain  situations: — ^notwithstand- 
ing all  the  ingenious  securities  recently  contrived  against  the 
danger,  it  is  not  employed  in  a  single  English  passage-vessel. 

In  the  low-pressure  engine,  the  steam  is  used  gena*ally  of 
force  not  exceeding  20lbs.  on  the  inch,  which  force  being  5lbs. 
only  more  than  the  atmospheric  pressure,  is  insufficient  to  burst 
a  common  boiler  or  to  do  mischief:*  but  as  the  interior  of  the 
low-pressure  engine  is  kept  in  a  state  of  vacuum,  except  where 
the  steam  is  acting  the  whole  pressure  of  20/^^.  is  made  availa- 
ble, and  the  engine  has  the  same  power,  if  of  equal  size,  as  a 
high-pressure  engine  working  with  steam  of  35lbs.  on  the  inch. 
The  required  vacuum  is  preserved  by  means  of  a  separate  ves- 
sel or  box  c,  called  the  condenser,  into  which  cold  water  is 
constantly  running  to  condense  the  steam,  and  is  then  pumped 
out  again  with  the  condensed  steam,  and  with  any  little  air  that 
may  hare  entered  by  a  pump  represented  at  k  in  the  figure. 
Steam  on  coming  into  contact  with  a  cold  body  is  condensed 
with  the  rapidity  of  an  explosion;  and  therefore  the  instant  that 
opened  valves  make  a  communication  between  the  cold  conden- 
ser and  any  part  of  the  engine  containing  steam,  this  rushes  to 
the  condenser  and  becomes  water,  leaving  a  vacuum  behind. 
The  great  merit  of  Mr.  Watt  was  in  the  contrivance  of  this  se- 
parate condenser,  for,  until  his  time,  cold  water  had  always 
been  thrown  directly  into  the  working  cylinder,  and  cooled 
it  so  much,  that  twice  or  thrice  its  fill  of  steam  was  destroy- 
ed at  each  stroke  to  warm  it  again  before  it  could  work. 
This  single  change  saved  three-fourths  of  the  fuel  formerly  ex- 
pended. 


*  Experience  would  leem  to  proire  that  the  safety  of  the  low-prenare  engme  it 
here  over  rated  and  the  danger  from  the  high  prewore  exaggerated.  But  to  explain 
this,  it  would  be  necessary  to  enter  more  profoundly  into  the  subject,  than  would 
comport  with  the  character  of  this  work.  It  is  right  however  to  mention,  that 
when  accidents  have  occurred,  with  either  of  there  forma  of  engine,  it  appears  al- 
ways 10  have  been  owing  to  carelcsneii.  Am.  Eik 
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Before  Watt's  dny,  the  only  steam-engine  in  use  was  a  rude 
single-stroke  engine^  as  it  was  called,  in  which  steam  pushed 
the  piston  up»  and  being  then  condensed  so  as  to  leare  a  vacuum 
ki  the  cylinder,  the  pressure  of  the  atmosphere  pushed  the  piston 
down  to  do  its  work:  on  this  last  account  the  engine  was  also 
cidled  an  atmospheric  engine.  It  was  used  almost  solely  for 
|)amping  water,  but  it  wasted  so  much  fuel,  from  the  cause  men- 
tioned in  the  last  paragraph,  that  the  expense  was  not  much  less 
flian  that  of  horses. 

In  the  atmospheric  engine,  the  steam  which  lifted  the  pistOD 
against  the  atmospheric  pressure,  required  to  be  at  least  as  strong 
as  that  pressure,  to  the  very  end  of  the  stroke.  Another  of 
Watt's  great  improvements  w>is,  his  excluding  altogether  the 
air  from  his  machine,  by  doing  which  he  not  only  avoided  the 
cooling  eflfect  of  the  air,  but  was  at  liberty  to  shut  off  the  steam, 
as  it  expressed,  or  to  stop  the  supply  for  each  stroke,  before 
the  cylinder  was  full,  and  then  to  make  the  further  expansion 
of  the  quantity  admitted  impel  the  piston  to  the  end  of  the  stroke. 
This  principle  of  causing  the  mere  expansion  of  steam  to  do 
work  was.  afterwards  carried  to  a  great  extent  by  Messrs.  Horn- 
blower,  Woolfe,  and  others,  who  constructed  engines  with  two 
barrels,  in  the  first  and  smaller  of  which,  the  steam  lyas  made  to 
«ct  in  its  dense  or  strong  state,  and  when  it  had  finished  a  stroke 
there,  instead  of  being  sent  useless  to  the  condenser,  it  was  admit* 
ted  to  a  larger  piston,  which  it  moved  by  its  continued  expansion 
alone:  the  same  steam  thus  doing  double  work  or  more.  All  the 
advantages  of  the  two  cylinders,however,are  obtainable  from  the 
single  cylinder  as  now  used  in  most  oi  the  Cornish  mines. 
Steam  of  about  40lbs»  pressure  on  the  inch  is  admitted  to  the 
cylinder,  until  the  piston  is  driven  one-third  of  its  way,  and  the 
valve  being  then  shut,  the  same  steam  is  left  to  finish  the  stroke 
by  its  expansion  alone.  The  pressure  of  the  expanding  steam 
gradually  diminishes,  it  is  true,  in  proportion  as  the  volume  in- 
creases; but  in  pumping  water  there  is  a  great  saving  of  tirne^ 
from  having  the  power  more  intense  at  the  beginning  of  the 
stroke,  when  the  vast  mass  of  water  and  machbery  has  first  to 
be  put  into  motion. 
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It  mi^t  be  supposed  that  high-preasure  engines  without  con- 
densers would  be  wasteful,  because  in  them  the  steam  which 
has  acted,  must  be  driven  out  of  the  cylinder  against  the  pow- 
erful resistance  of  the  atmosphere,  while  in  the  low-pressure 
engine  it  has  instant  access  to  the  condenser,  and  leaves  effec- 
tive the  whole  pressure  of  the  fresh  steam  on  the  opposite  side 
of  the  piston.  But  as  in  the  low-pressure  engine,  nearly  half 
the  power  of  the  steam  is  expended  in  overcoming  the  friction 
and  other  impediments  of  the  numerous  parts;  while  in  that  of 
high-pressure,  the  parts  are  so  much  fewer,  and  the  piston  is  so 
ittuch  smaller  in  proportion  to  the  force  acting  upon  it,  that  the 
loss  from  friction  is  often  less  than  a  fourth,  or  even  a  sixth  of 
the  steam-power, — although  the  resistance  of  the  air  is  to  bd 
overcome  by  the  high-pressure  engine,  still  there  is  often  a  Sa- 
ving on  the  whole.  The  saving  becomes  very  considerable  if 
the  steam  be  allowed  to  act  by  its  expansion  also,  as  deseribed 
io  the  last  paragraph. 

From  misapprehension  ofthelaw  of  increase  of  force  by  in- 
crease of  heat  in  water,  explained  by  the  table  at  page  329, 
some  exceedingly  false  conclusions  have  been  drawn,  and  acted 
upon  at  great  expense — as  lately  by  Mr.  Perkins,  in  attempts 
tb  make  engines  ta  work  with  an  excessively  high  pressure. 
Besides  making  the  error  now  alluded  to  and  others,  Mr.  Per* 
kins  also  neglected  the  fact  that  we  possess  no  material  for  cyl- 
inders and  pistons  strong  enough  to  bear  the  contemplated  pre»* 
sure  and  friction  even  for  a  moderate  time.  Perhaps  better 
proof  could  not  be  adduced  of  the  absurdities  into  which  even 
highly  ingenious  men  may  fall,  when  ignorant  of  those  general 
truths  of  nature  on  which  all  branches  of  art  are  founded,  than 
the  history  of  supposed  inventions  and  improvements  connected 
with  the  steam-engine. 

The  fertile  genius  of  James  Watt  did  not  stop  at  the  accom- 
plishment of  the  two  or  three  important  partieulars  described 
above,  but  throughout  the  whole  detail  of  the  component  parts, 
and  of  the  various  applications  of  the  engine,  he  contrived  rnira* 
cles  of  simplicity  and  usefulness.  We  shotsld  exceed  the  prescri- 
bed bounds  of  this  work  by  entering  more  minutdy  iotxi  the  sub^ 
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ject;  but  we  may  remark  that,  in  the  present  perfect  state  of 
the  engine,  it  appears  a  thing  almost  endowed  with  intelligence. 
It  regulates  with  perfect  accuracy  and  uniformity  the  number 
of  its  strokes  in  a  given  time,  and  counts  or  records  them 
moreover,  to  tell  how  much  work  it  has  done,  as  a  clock  re- 
cords the  beats  of  its  pendulum: — it  regulates  the  quantity  of 
steam  admitted  to  work; — ^the  briskness  ofthefire\ — the  sup^ 
ply  of  water  to  the  boiler; — ^the  supply  of  coals  to  the  fire;— 
it  opens  and  shuts  its  valves  with  absolute  precision  as  to  time 
and  manner; — it  oils  its  joints — ^it  takes  out  any  air  which 
may  accidentally  enter  into  parts  that  should  be  vacuous $-*— 
and  when  any  thing  goes  wrong  which  it  cannot  of  itself  rectify, 
it  warns  its  attendants  by  ringing  a  bell; — ^yet  with  all  these 
talents  and  qualities,  and  even  when  possessing  the  power  of 
sixiiundred  horses,  it  is  obedient  to  the  hand  of  a  child; — its 
aliment  is  coal,  wood,  charcoal,  or  other  combustible; — ^it  con- 
sumes none  while  idle; — it  never  tires,  and  wants  no  sleep;— 
it  is  not  subject  to  malady  when  originally  well  made;  and  only 
refuses  to  work  when  worn  out  with  age; — it  is  equally  active  in 
all  climates,  and  will  do  work  of  any  kind; — it  is  a  water  pump- 
er, a  miner,  a  sailor,  a  cotten-spinner,  a  weaver,  a  blacksmith,  a 
miller,  &c.  &c. :  and  a  small  engine  in  the  character  of  a  steam 
poney  may  be  seen  dragging  after  it  on  a  rail-road  a  hundred 
tons  of  merchandize,  or  a  regiment  of  soldiers,  with  greater 
speed  than  that  of  our  fleetest  coaches.  It  is  the  king  of  ma-* 
chines,  and  a  permanent  realization  of  the  Crenii  of  Eastern 
fable,  whose  supernatural  powers  were  occasionally  at  the  com- 
mand  of  man. 

We  need  not  wonder  that  the  inventor  of  an  engine  having 
such  qualities,  should  receive  the  highest  honours  which  his  fel- 
low-men could  bestow.  In  November  1825,  a  public  meeting 
was  called,  to  vote  a  monument  to  Watt,  then  not  long  de- 
ceased; and  the  most  distinguished  men  of  the  empire,  of  all 
parties,  philosophers  and  statesmen,  met  to  vie  with  each  other 
in  speaking  his  praise.  Perhaps  a  series  of  such  eloquent  dis- 
courses have  rarely  been  pronounced  at  one  time;  and  perhaps 
in  the  pro^ss  of  the  arts  of  civilization  there  can  rarely  be  of- 
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fered  such  motive  and  occasion.  The  common  voice  of  that 
difltioguiahed  aaaembly  scarcely  exaggerated,  when  attributing 
to  Watt's  genius  and  perseverance  that  great  increase  of  our 
national  commerce  and  riches,  which  had  enabled  free  Britain^ 
single-banded,  at  an  extraordinary  crisis  of  human  affairs,  to 
contend  with  Europe  combined  agtiinst  her,  and  at  last  to  tri- 
umph, so  as  to  secure  her  own  happy  destinies,  and  probably 
much  to  influence  those  of  the  human  race. 

As  science  and  the  twin  sister  art  sre  making  constant  advan- 
ces, who  shall  say  that  even  the  steam-engine,  perfect  as  we 
have  described  it,  is  the  limit  to  human  discovery  of  mighty 
yet  obedient  force?  It  is  true  that  the  nature  of  steam,  and  the 
laws  of  its  formation  and  action,  are  now  so  well  understood, 
that  the  intelligent  engineer  no  more  hopes  for  great  improve^ 
ment  in  steam-engines,  than  he  hopes  for  it  in  the  mode  of  using 
a  waterfall  to  turn  a  mill;  but  still  there  are  kindred  regions  of  na- 
ture left  almost  unexplored.  We  shall  make  a  remark  on  this  sub- 
ject in  our  next  chapter,  while  considering  the  nature  of  heat. 

Hie  explosion  of  gun-powder  and  of  all  fulminating  mix- 
tures bears  so  strong  an  analogy  to  the  phenomenon  of  the 
formation  of  steam,  that  the  mind  may  advantageously  con- 
template the  subject  in  this  place. 

The  ingredients  of  which  gunpowder  is  formed  are  chiefly 
substances  which  when  separate,  exist,  at  any  common  tempe- 
rature in  the  form  of  air;  and  the  combustion  sets  them  loose, 
with  a  production  of  intense  heat,  causing  an  increase  of  vo^ 
lume  which  is  instantaneous,  and  almost  irresistible.  By  ex- 
periment, and  mathematical  deduction,  it  appears  that  the  ex- 
ploding particles  begins  to  separate  from  each  other  with  a  ve- 
locity as  if  ten  thousand  volumes  of  air  had  been  condensed 
into  one:  and  this  explains  the  corresponding  force  and  swift- 
ness with  which  a  bullet  is  propelled. 

All  the  fulminating  metals  are  chiefly  combinations  of  the 
like  substances  with  the  metals;  and  the  ingredients  are  held  to- 
gether by  so  slight  a  tie,  that  a  little  friction  or  elevation  oC 
temperature  disunites  them  to  produce  the  explosion. 


li'W  PKBUMATI€S. 

The  escape  of  condensed  air  from  the  chamber  of  an  aif^-gQA, 
if  a  species  of  explosion;  but  is  very  gentle  compared  with  the 
shock  of  discharged  gunpowder. 

'  It  has  lately  been  shown  that  a  gun-barrel  may  be  ooonecled 
with  a  high-pressure  steam-boiler,  in  the  same  manner  as  with 
a  chamber  of  condensed  air,  and  as  the  steam  can  be  supplied  as 
long  as  water  remains  in  the  boiler,  if  bullets  be  allowed  to  fiill 
into  the  barrel  fast  enough,  a  hundred  or  more  may  be  thrown 
out  erery  minute,  with  the  same  force  and  precision  as  if  eaeh 
issued  from  a  common  piece  of  artillery.  The  rapid  suecession 
resembles  the  issue  of  water  from  a  jet  pipe;  and  if  such  an  en- 
gine could  be  used  in  a  field  of  battle,  its  barrel  of  death,  made 
to  point  gradually  along  a  line  of  men,  would  mow  them  down 
Ulce  corn-stalks  before  the  scythe — ^none  could  escape.  The. 
horrible  idea  and  proposal  have  been  excused  by  saying,  that  to 
prove  the  possibility  of  such  carnage  must  bare  the  effect  of 
putting  an  end  to  war  altogether. 

.  The  invention  of  gunpowder,  with  the  eense<|iient  change  of 
military  tactics,  because  it  gave  to  a  handful  of  men  possessing 
it,  the  mastery  over  thousands  \yho  had  it  not,  was  bailed  by 
the  philosophers  of  the  day  as  a  certain  security  against  the  re* 
lapse  of  civilized  mankind  into  such  a  state  of  barbarism  as  follow- 
ed the  irruption  into  Europe  of  the  Goths  and  Vandals: — ^none 
but  highly  instnieted  and  disciplined  armies  could  then  enter  a 
European  kingdom.  This  consideration,  howeva,  has  lost  its 
iot^rest,  sinee  from  the  invention  of  printing  and  other  changes 
in  society,  still  better  and  more  humane  securities  have  been  ob- 
tained. 

Besides  the  interesting  instances  now  cited  of  the  pressure  of  the 
atmosphere  determining  whether  certain  substances  shall  or 
shall  not  have  the  form  of  air,  there  are  others  that  deserve 
mention,  where  the  effect  is  modified  by  chemical  combina- 
nation  of  substances. 

The  pressure  of  the  atmosphere  at  the  surface  of  die  earth 
keeps  a  certain  quantity  of  air  in  combination  with  water,  so  as 
to  form  part  of  the  liquid  mass.     This  air  re-appears  ai  once  on 
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taking  off  the  preMure.  If  we  ptaee  a  glaw  of  water  nniear  the^ 
receiver  of  an  air-pump  and  then  exhaust^  the  glass  is  soon  filU 
ed  with  bubbles  of  air,  seen  adhering  all  around  on  the  sidesy  or 
rising  through  the  wftter.  This  admixture  of  air  in  water  ie 
neeessary  to  the  life  of  fishes.  It  is  driven  off  by  boiling,  and 
hence  the  vapid  taste  of  water  that  has  been  boiled. 

In  the  making  of  beer,  wine,  and  other  fermented  liquors^ 
there  is  a  large  quantity  of  the  substaiM^  called  carbonic  acid 
formed  during  the  fermentation.  Much  of  it  flies  off  in  its 
usual  form  of  gas,  but,  because  of  the  pressure  of  the  atmos» 
phere  mu^h  still  remains  in  union  with  the  liquid.  On  r&hnv* 
ing  this  pressure  suddenly,  the  liquid  appears  almost  to  boil^  as 
when  a  glass  of  warm  beer  is  placed  under  the  air  pump  va- 
cuum. 

A  degree  of  pressure  still  greater  than  that  of  the  atmos^ 
phere,  keeps  a  proportionally  larger  quantity  of  this  carbo-' 
nic  acid  in  liquid  combination;  as  in  bottled  porter  or  sparkling 
ehampaigne  before  the  cork  is  drawn;  but  as  soon  as  the  com- 
pression maintained  by  the  cork  is  removed,  the  gas  escapes^ 
causing  the  thin  champaigne  to  sparkle,  and  the  more  viscid 
beer,  which  retains  the  little  bubbles  as  they  rise,  to  be  covered 
with  froth.  After  the  sparkling  or  frothing  have  ceased  under 
-tfie  atmospheric  pressure, — ^by  placing  the  glass  in  the  air- 
pump  receiver  the  phenomenon  may  be  renewed. 

Carbonic  acid  so  readily  become  liquid  when  ita  attractSon 
for  water  assists  the  compression,  that  enough  of  it  may  be  uni* 
ted  with  water  to  inake  a  pint  become  a  pint  and  a  half.  The 
soda  water,  or  aerated  water,  now  so  generally  used  in  Europe 
as  drink  in  warm  weather,  is  water  with  several  times  its  bulk 
of  carbonic  acid  forced  into  it  by  pressure;  and  a  part  of  this  ia 
seen  escaping  always  at  the  instant  of  the  confining  cork  being 
drawn. 

Carbonic  acid  forms  one-fourth  of  the  substance  of  marble  or 
lime-stone.  When  another  stronger  acid,  as  vinegar  or  sul- 
phuric acid,  is  poured  upon  marble,  it  dispossesses  the  carbonic 
acid,  and  unites  itself  with  the  pure  Kme.  The  carbonic  acid 
in  rising  eonstitutes  the  eflfervescenoe  which  then  appears.     Car- 
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^bonic  afiid  for  the  manufacture  of  the  common  soda  water  and 
other  aerated  drinks  is  obtained  in  this  way. 

Many  mineral  waters  contain  carbonic  acid,  which  remaina 
in  tranquil  combination  while  the  water  is  bearing  a  certain 
pressure  under-groui^  but  which  in  part  escapes  as  soon  as  only 
tbe  atmospheric  preaaure  remains:  such  waters  are  called  spark- 
ling waters. 

The  reason  that  champaigne  and  the  aerated  waters  are  so  cool 
when  first  decanted  is,  that  the  carbonic  acid,  in  assuming  its 
gasedus  form,  absorbs,  as  latent  heat,  a  large  proportion  of  the 
heai  which  was  previously  existing  in  the  liquid. 

Tke  atmospheric  pressure,  by  causing  different  densities  in  the 
air,  at  different  heights  above  the  level  of  the  sea,  causes  cor- 
responding differences  of  temperature. 

The  explanation  of  this  is  simple.  If  a  gallon  of  air  at  the 
surface  of  the  earth  contain  a  certain  quantity  of  heat,  this  must 
be  diffused  equally  through  the  space  of  the  gallon;  but  if  the 
air  be  then  compressed  into  one-tenth  of  the  bulk,  there  will  be 
ten  times  as  much  heat  in  that  tenth  as  there  was  before;  and  the 
increase  will  affect  the  thermometer  to  an  extent  modified  by 
other  circumstances  explained  in  a  future  part  of  this  work.  In 
like  manner,  if  by  taking  off  pressure  the  gallon  be  made  to  di« 
late  to  ten  gallons,  the  heat  will  be  in  the  same  degree  diffused, 
and  any  one  part  will  be  colder  than  before.  It  is  known  that 
air  may  be  so  much  compressed  under  the  piston  of  a  close 
syritige,  that  tbe  heat  in  it  similarly  concentrated,  becomes  in- 
tense enough  to  inflame  tinder  attached  to  the  bottom  of  the 
piston: — ^this  means  is  in  common  use  for  obtaining  an  instan- 
taneous light,  and  is  called  the  match^ringe. 

Now,  for  the  reason  here  explained,  the  air  near  the  surface 
of  the  (earth,  forming  the  bottom  of  the  atmosphere,  because  con- 
densed by  the  weight  of  the  air  above  it,  is  much  warmer  than 
if  it  were  suddenly  carried  higher  up  to  where,  from  the  pres- 
sure being  less,  it  would  be  more  expanded  or  thin.  In  many 
cases  the  height  of  mountains  may  be  estimated  by  the  differ- 
ence of  temperature  observed  at  the  bottom  and  at  the  top. 
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While  a  thermometer  stands  at  60^  at  tfSS  bottom  of  St  Paul's 
Cathedral  in  London,  another  marks  only  58^  at  the  top  of  the 
dome;  and  in  the  lofty  ascent  of  a  balloon,  the  thermometer  soon 
falls  to  the  freezing  point  and  below  it,  while  the  aeronaut  feels 
a  cold  almost  insupportable. 

In  every  part  of  the  earth  at  a  certain  elevatioit  in  the  atmos- 
phere, different  according  to  the  latitude  or  proximity  to  the 
equator,  the  thermometer  never  rises  above  the  freezing  point, 
-—and  this  limit  is  called  the  line  or  level  of  perpetual  congela- 
tion. In  Norway  it  is  at  five  thousand  feet  above  the  level  of 
the  sea;  in  Switzerland  at  six  thousand  five  hundred;  in  Spain 
and  Italy  at  seven  thousand;  farther  south,  at  Teneriffe,  at  nine 
thousand;  directly  under  the  sun,  as  in  Central  Africa  and 
among  the  Rnde^  in  America,  it  is  about  fourteen  thousand. 
We  see  therefore  why  thesnow-capt  mountains  are  not  the 
tenants  only  of  high  northern  and  southern  latitudes.  It  is  this 
^ect  of  elevation  which  renders  many  of  the  tropical  regions  of 
the  earth  not  only  tolerable  abodes  for  man,  but  as  suitable  as 
any  on  earth; — although  the  ancient  philosophers  of  Europe 
accounted  them,  by  reason  of  the  great  heat,  an  everlasting  bar- 
rier as  regarded  man,  between  the  northern  and  southern  hem- 
ispheres. Much  of  the  tropical  land  of  America  is  so  raised, 
that  it  rivals  as  to  agreeable  temperature  even  a  European  cli- 
mate; while  the  lightness  and  purity  of  air,  and  the  brightness 
of  the  sun,  add  delightfully  to  its  charms.  The  vast  expanse 
of  table-land  forming  the  empire  of  Mexico  is  of  this  kind, 
enjoying  the  immediate  proximity  of  the  sun,  and  yet,  by  its 
elevation  of  seven  thousand  feet  above  the  level  of  the  ocean, 
possessing  the  most  healthful  freshness.  The  land  in  many 
parts  has  the  fertility  of  a  cultivated  garden,  and  can  produce 
naturally  most  of  the  treasures  which  vegetation  offers  over  the 
diversified  face  of  the  world.  The  plains  of  Colombia,  in  South 
America,  and  indeed  all  along  the  ridge  of  the  Andes,  are 
similarly  circumstanced.  The  contrast  is  very  striking,  after 
sailing  a  thousand  miles  up  the  level  river  Magdalena,  in  a  heat 
scarcely  equalled  on  the  plains  of  India,  all  at  once  to  climb  to 
the  table-land  above,  where  Sante  Fe  dt  Bogota,  the  capital 
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of  the  repuUie,  is  aeetf '  emiUng  over  intenninaUe  pUinsi  thtt 
bear  the  livery  of  Ifae  fairest  fields  of  Europe! 

Persons  not  understanding  the  law  which  we  are  no^  illustrat*- 
ing)  will  express  surprise  that  wind  or  air  blowing  down  upon 
them  from  a  snow-clad  mountain  should  still  be  warm  and  tem- 
perate. The  truth  is,  that  there  is  just  as  maeh  heat  combined 
with  an  ounce  of  the  air  on  the  mountain  top  as  in  the  valley^ 
but  abovoy  the  heat  is  diffused  through  a  space  perhaps  twine  as 
great  as  when  below,  and  therefore  is  les  senfifble.  It  may  be 
the  same  air  which  sweeps  over  a  warm  plain  at  the  side  of  a 
mountain, — which  then  rises  and  freezes  water  on  the  summit: 
— and  which  in  an  hour  after,  <m*  less,  is  playing  among  the 
flowers  of  another  valley,  as  a  warm  and  gentle  breeze^ 

As  the  temperature  in  difl&rent  parts  of  the  atilosphere  de- 
pends thus  upon  the  rarity  of  the  air,  and  therefore  upon  the 
height,  the  vegetable  productions  of  each  distinct  region  or  eleva^ 
tion  have  a  distinct  character,  while  many  other  peculiarities 
of  place  and  climate  spring  from  the  8«ne  source. 

Because  the  atmospheric  pressure  determines  the  temperature 
of  the  air  in  different  situations,  as  now  explained,  it  has  also 
a  corresponding  influence  upon  the  state  of  aerial  humidity, 
which  is  modified  by  the  temperature. 

It  was  explained  at  page  329,  that  water  and  other  liquids 
under  a  vacuum  rise  in  the  form  of  air  or  vapour  with  force  and 
la  quantity  having  a  strict  relation  to  the  temperatures-heat 
being  in  fact  the  cause  of  their  rising;  and  the  table  at  page  329 
exhibits  the  force,  and  therefore  the  density  of  watery  vapour 
corresponding  to  some  certain  temperatures.  Now  it  is  a  re- 
markable  circumstance,  that  vapour  in  the  same  quantity  and  of 
equal  tension  rises  at  a  given  temperature  from  any  liquid, 
whether  (riaeed  under  the  pressure  of  air,  or  under  a  vacuum ; 
only  through  a  space  containing  air  it  diffuses  itself  more  slowly 
than  if  the  air  were  not  present  As  regards  the  former  case, 
it  was  for  a  long  time  supposed  that  the  air  dissolved  the  liquid 
as  a  liquid  dissolves  a  salt:  but  it  now  appears  that  there  is 
merely  a  mechsitieal  nixtiira  of  the  two.    If  the  vapour,  while 


PRE8SI7BB  AVFBCTIBrO  MOISTURE.  345 

jrising  from  a  liquid,  has  oof  a  t6n9ion  or  elastic  force  equal  to 
the  pressure  of  the  atmosphere,  the  process  is  tranquil,  and  is 
called  evaporation^  and  it  goes  on  only  as  tlie  vapour  can  dif- 
fuse itself  among  the  porticles  of  the  air^  and  therefore  slowly 
in  air  perfectly  quiescent,  but  quicker  as  the  air  is  moving  more, 
or  as  the  density  of  the  air  is  less.  But  when  the  vapour, 
owing  to  greater  heat,  is  strong  enough  to  overcome  the  at- 
mospheric pressure  of  fifteen  pounds  per  inch,  the  phenomenon 
of  boiling  arises  as  already  described. 

For  the  reason  now  explained,  the  air  of  our  atmosphere 
contains  diffused  through  it  a  large  quantity  of  invisible  aeriform 
water;  and  if  no  changes  of  temperature  happened  in  the  atmos- 
phere, the  quantity  of  water  would  soon  reach  a  maximum^  or 
would  constantly  be  the  greatest  that  the  medium  temperature 
-of  the  earth  could  support;  instead  of  this,  however,  from. a 
variety  of  causes  to  be  explained  below,  the  local  temperatures 
ve  ever  fluctuating,  and  when  lowered  in  situations  where  a 
maximum  of  watery  vapour  is  present,  part  of  this  is  instantly 
reduced  to  the  state  of  water  again,  and  appears  in  the  form  of 
Tnisif  raiUf  snow^  or  hail;  while  to  supply  material  for  these 
phenomena,  evaporation  is  le^ing  on  wherever,  over  water,  there 
is  not  a  maxifnum  of  vapour  in  the  air.  These  opposing  op- 
erations of  evaporation  and  condensation  keep  up  that  constant 
circulation  of  moisture  which  is  the  life  of  nature. 

When  a  given  quantity  of  water  assumes  the  aeriform  state, 
it  contains  the  same  quantity  of  latent  heat  in  all  cases,  whether 
rising,  for  instance,  from  a  boiling  cauldron,  or  from  the  sur- 
face of  a  lake.  Hence  we  see  why  evaporation  is  so  cooling  a 
process  to  any  liquid  or  moistened  solid  from  which  it  is  arising; 
and  as  we  have  already  shown  that  a  rapid  passing  of  dry  air, 
or  a  vacuum,  quickens  evaporation,  we  now  see  why  both  of 
these  conditions  accelerate  the  cooling.  Wet  linen  placed  in  a 
strong  wind  becomes  dry  almost  immediately;  a  bottle  of  wine 
covered  with  a  wet  cloth  and  suspended  in  a  current  of  air,  as 
is  practised  in  warm  dimates  to  prepare  wine  for  the  table,  is 
quieUy  cooled;  mats  hung  up  around  the  walls  of  houses  in 
lodiay  and  firequently  wetted  tbroogh  the  day,  preserve  a  de- 
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lightful  freshness  in  the  apartments.  The  rapidity  of  evapora* 
tion  from  water  under  the  exhausted  receiver  of  an  air-pump, 
and  particularly  when  some  other  substance  which  powerfully 
absorbs  watery  vapour  is  included  in  the  receiver  with  it,  is  so 
rapid,  and  carries  off  the  heat  so  quickly,  that  the  mass  of  water 
freezes  before  much  of  it  has  been  carried  away.  This  process 
is  used  for  making  ice  in  India.  Sprinkling  water  or  vinegar 
over  a  hot  sick-room  cools  and  refreshes  it;  and  watering  the 
streets  of  a  city  moderates  in  them  the  intensity  of  summer  heat 
In  warm  climates  water  is  cooled  for  drinking  by  being  put  into 
vessels  so.  porous  that  the  external  surface  is  always  moist,  the 
vessels  being  then  suspended  in  a  current  of  air,  or  during  a 
calm  being  made  to  vibrate  in  the  manner  of  a  pendulum. 

It  is  because  air  is  saturated  with  moisture,  that  is  to  say,  ha- 
ving as  much  water  diffused  in  it  as  can  be  supported  in  the  in- 
visible or  aeriform  state  at  the  existing  temperature,-*letB  fall  a 
part  on  any  reduction  of  the  temperature,  that  air  which,  as  a  part 
of  the  atmosphere,  has  been  heated  by  the  sun  during  the  day, 
and  has  received  much  moisture,  lets  it  fall  again  during  the  night, 
and  exhibits  the  night  fogs  of  certain  seasons,  which  float  upon 
the  surface  of  the  earth,  until  again  acted  upon  by  the  beams  of 
the  next  morning's  sun.  Fog  when  condensed,  by  groups  of  the 
minute  particles  uniting,  forms  rain;  and  rain  when  cooled  be^ 
comes  snow  or  hail. 

The  quantity  of  dew  which  falls  at  night  is  much  influenced 
by  the  quantity  of  moisture  taken  up  by  the  atmosphere  during 
heat  of  the  day;  and  the  immediate  cause  of  the  dew  is,  as 
was  ingeniously  proved  by  Dr.  Wells  some  years  ago,  that  the 
temperature  of  the  objects  on  which  it  settles  becomes  lower 
during  the  night  than  can  support  the  moisture  in  the  surround- 
ing atmosphere.  There  is  a  tendency  in  heat  to  diffuse  itself 
uniformly  among  bodies,  by  a  constant  radiation  from  one  to 
another,  which  is  rapid  in  proportion  to  the  differences  of  tem- 
perature, and  it  therefore  soon  reduces  all  to  nearly  the  same 
degree.  Now  when  there  are  clouds  in  the  atmom>here  at 
night,  they  receive  the  heat  darted  upwards  from  the  bodies  on 
the  earth's  surface,  and  they  radiate  heat  back  in  return^  beoom- 
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ing,  as  it  were,  a  elothing  to  maintain  the  warmth  of  the  earth 
beneath  them^  and  on  cloudy  nights  there  is  no  dew, — ^but  with 
a  clear  sky^  the  heat  radiated  upwards  at  night,  darts  into  bound- 
less space^  and  is  lost  altogether  to  the  objects  which  emitted  it 
These  objects,  therefore,  which  during  the  day  had  the  same, 
or  even  a  higher  temperature  than  the  atmosphere  around,  now 
become  colder,  and  the  aeriform  water  which  comes  into  con- 
tact with  them  is  condensed,  and  forms  a  copious  dew.  This 
beautiful  provision  of  nature  supplies  the  necessary  moisture  to 
vegetables  during  seasons  when  rain  is  deficient.  Dew  on  very 
cold  objects  freezes  as  it  settles,  and  is  then  called  hoarfrosU 
A  phenomenon  which  may  class  with^  dew  is  the  perspiration, 
as  it  is  vulgarly  called,  of  massive  walls  and  furniture,  on  the 
sudden  occurrence  of  warm  weather: — the  wall  or  other  object, 
from  not  having  yet  acquired  the  temperature  of  the  surround- 
ing air,  condenses  upon  itself  a  part  of  the  atmospheric  moist- 
ure. For  a  similar  reason  a  bottle  of  wine  brought  from  a  cold 
cellar  into  a  room  with  company,  is  soon  covered  with  thick 
moisture  or  dew. 

Many  instruments  have  been  contrived,  with  the  name  of 
hygrometers,  for  indicating  the  quantity  of  water  in  the  atmos- 
phere. A  prepared  human  hair  is  the  essential  part  of  one  of 
the  best  of  those  formerly  used:  the  lengthening  or  shortening 
of  the  hair,  according  to  the  quantity  of  moisture  around  it,  being 
made  to  move  an  index  like  that  of  a  wheel-barometer,  to  mark 
the  dep'ees.  This,  however,  and  other  common  hyg^meters, 
are  only  philosophical  toys;  but  Mr.  Daniel  (see  his  excellent 
work,  entitled  Meteorological  Essays)  has  lately  given  to  the 
philosophical  world  a  correct  and  simple  instrument  for  the  pur- 
pose. It  depends  on  the  principle  explained  above,  that  when- 
pver  a  ix>dy  in  the  atmosphere  has  a  temperature  below  that  at 
which  the  quantity  of  watery  vapour  in  the  air  around  can  be 
maintained  in  the  aeriform  or  invisible  state,  dew  forms  on  the 
body.  By  cooling  a  bulb  of  glass  until  moisture  begin  visibly 
to  settle  upon  it,  and  then  noting  the  temperature  on  an  enclosed 
thermometer,  the  proportion  of  water  mixed  with  the  air  is  dis- 
covered. 
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A  great  fall  of  the  barometer  indicates  a  diminiahed  preaaiife 
in  the  atmosphere  aroond,  with  a  tonsequent  dilatation  of  the 
air  and  fall  of  temperature,  as  explained  a  few  pages  hack;  and 
if  the  air  at  such  a  time  hold  a  maximum  of  moisture,  a  part  of 
thia  must  become  visible  as  fog  or  rain.  Thus  a  fall  of  the  ba- 
rometer, a  fall  of  temperature,  and  a  fall  of  rain,  often  occur  a9 
associated  phenomena. 

Illustrating  this  by  experiment,  we  find,  that  on  the  esctrae- 
tion  of  air  from  the  receiver  of  ah  air-pump,  a  cloud  or  mist 
often  appears  in  it  after  the  first  strokes  of  the  piston: — ^the 
reason  being  that  the  still  remaining  air,  because  cooled  by  the 
rarefication,  absorbs  heat  from  the  vapour  in  combination  with 
it,  and  renders  the  water  visible.  The  mist  is  then  removed  by 
the  subsequent  action  of  the  machine,  or  is  re-dissolved  when 
the  usual  quantity  of  air  is  re-admitted. 

We  understand  from  this  why  rain  happens  so  much  more 
frequently  among  mountains  than  on  extended  plains.  When 
air  saturated  with  moisture  approaches  a  mountain  ridge  to  rise 
over  it,  for  every  foot  that  it  rises,  it  escapes  from  a  degree  of 
the  pressure  which  it  bore  while  lower  down,  and  in  then  dila- 
ting, it  becomes  colder,  and  lets  fall  part  of  its  moisture.  It  ia 
the  rain  periodically  thus  produced  in  mountainous  regions 
which  causes  the  extraordinary  annual  overflowing  of  many 
great  rivers,  as  the  Nile,  the  Gauges,  &c. 

Those  who  have  visited  the  Cape  of  Good  Hope,  will  recol- 
lect a  striking  phenomenon  illustrative  of  our  present  subject, 
observed  there  when  the  wind  blows  from  the  south-east.  Be- 
yond the  city,  as  viewed  from  the  bay,  there  is  a  mountain  of 
great  elevation,  called,  from  its  extended  flat  summit,  the  Table 
Mountain.  In  general  its  rugged  steeps  are  seen  rising  in  a  clear 
sky;  but  when  the  south-east  wind  blows,  the  whole  summit 
becomes  inveloped  in  a  cloud  of  singular  density  and  beauty.- 
The  inhabitants  call  the  phenomenon  the  spreading  of  the  table^ 
eloth.  The  cloud  does  not  appear  to  be  at  rest  on  the  hill  but 
to  be  constantly  roiling  onward  from  the  south-east;  yet,  to  the 
suprise  of  the  beholder,  it  never  descends,  for  the  snowy  wreaths 
seen  fiadling  over  the  precipice  towards  the  town  below,  vanish 
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completely  before  tbej  reach  it,  while  others  are  fomed  to  re- 
place them  on  the  other  8ide.-*The  reason  of  the  phenomenon 
is,  that  the  air  constituting  the  wind  from  the  south-east  having 
passed  over  the  vast  southern  ocean,  comes  charged  with  as  much 
invisible  moisture  as  its  temperature  can  sustain.  In  rising  up 
the  side  of  the  mountain  it  is  rising  in  the  atmosphere)  and  is 
therefore  gradually  escaping  from  a  part  of  the  former  pressure; 
and  on  attaining  the  summit  it  has  dilated  so  much,  and  has  con- 
sequently become  so  much  colder,  that  it  lets  go  part  of  its 
moisture.  This  then  appears  as  the  cloud  now  described;  but 
it  no  sooner  falls  over  the  edge  of  the  mountain,  and  agaia  de- 
scends in  the  atmosphere  to  where  it  is  pressed,  and  condensed^ 
and  heated  as  before,  than  it  is  re-dissolved  and  disappears:^* 
the  magnificent  apparition  thus  dwelling  only  on  the  mountain 
top. 

When  the  elevation  to  which  moisture  is  suddenly  carried  is 
yery  great,  the  fall  of  temperature  is  proportional,  and  the  aep« 
arating  water  becomes  snow  instead  of  rain.  This  phenomenon 
is  remarkably  illustrated  by  a  Heroes  fountain,  used  in  one  of 
the  mines  of  Hungary;  during  the  play  of  which,  the  air  is  so 
compressed,  that  on  being  released,  it  expands  and  cools  enough 
to  cause  the  moisture  driven  out  with  it  to  appear,  even  in  sum- 
mer, as  a  shower  of  snow. 

The  foregoing  reasoning  explains  why  along  the  sides  of 
mountain  ridges,  clouds  are  generally  seen  floating  at  a  certain 
height  only,  and  therelore  in  horizontal  strata.  The  water  is 
separaied  from  the  air  at  a  certain  temperature,  which  is  depen* 
dent  on  the  height,  as  explained  at  page  34^;  and  above  that 
height  the  air  appears  too  rare  to  give  support  to  cloudy.  Very 
lofty  summits  are  seen  rising  above  the  clouds  altogether,  and 
the  admirer  of  nature  who  climbs  towards  them,  may  often  con- 
template the  grand  phenomena  of  the  thunder  storm  far  beneath 
his  feet  Teneriffe  soars  so  sublimely,  that  the  distant  sailor 
not  unfrequeutly  mistakes  the  line  of  clouds  hanging  around  its 
sides  for  the  white  streak  which  elsewhere  indicates  the  cliffs 
and  waves  of  the  sea^shore. 
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Fluid  support  orjloatingf  in  air.    {Read  the  analyrisj 
page  282.) 

When  it  was  explained,  under  <<  Hydrostatics/'  that  any 
body  immersed  in  a  fluid  is  resisted  or  held  up  exactly  with  the 
ibrce  which  would  support  a  quantity  of  the  fluid  occupying 
the  same  space,  and  therefore  that  the  body  will  sink  or  swim, 
according  as  it  is  heavier  or  lighter  than  its  bulk  of  the  fluid, 
the  reasoning  was  as  applicable  to  the  case  of  a  body  immersed 
in  an  air  as  in  a  liquid. 

We  hence  see  why  a  body  weighed  in  air  appears  lifter  by 
the  exact  weight  of  its  bulk  of  the  air,  than  when  weighed  in 
an  empty  space  or  vacuum:— and  why,  for  the  same  reason^ 
the  jocular  question,  whether  a  pound  of  lead  or  a  pound  of 
cork  be  the  heavier,  is  not  truly  answered  by  saying  that  they 
are  of  equal  weight:  the  cork  is  really  the  heavier,  because 
when  balanced  in  air,  bulky  cork  is  more  supported  than  dense 
lead.  A  small  weighing-beam,  having  pieces  of  cork  and  lead 
which  equipoise  in  the  air,  attached  to  its  opposite  ends,  if 
placed  under  the  exhausted  receiver  of  an  air-pump,  exhibits  the 
cork  preponderating. 

As  any  liquid  lighter  than  water,  such  as  oil  or  spirits,  on  being 
set  at  liberty  under  the  surface  of  water,  will  rise,  while  any 
heavier  liquid,  such  as  brine,  syrup,  w  sulphuric  acid,  will 
sink;  and  in  both  cases  with  force  proportioned  to  the  difier*- 
ence  of  specific  gravities — so  we  find,  that  in  common  air,  a 
mass  of  hydrogen  or  hotter  air  ascends,  because  specifically 
lighter;  while  oxygen,  carbonic  acid  gas,  or  colder  air,  descends, 
because  specifically  heavier. 

Jt  Balloon 

is  a  thin  light  bag  of  varnished  silk,  generally  shaped  like  a 
globe  or  egg,  and  filled  with  a  fluid  lighter  than  common  air. 
It  is  made  large  enough  that  the  difierenoe  between  its  weight 
and  that  of  an  equal  bulk  of  common  air,  may  enable  it  to  carry 
alofl  the  material  of  which  it  is  constructed,  with  the  aeronauts. 
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and  their  apparatua.  It  is  in  principle  like  a  bladder  of  oil  im* 
mersed  in  water.  A  globe  of  thirty-five  feet  diameter  baa  a  ca- 
pacity of  nearly  twenty-two  thousand  cubic  feet  This  quan- 
tity of  common  air  weighs  about  sixteen  hundred  pounds^  and 
the  same  quantity  of  Hydrogen  gas,  of  easily  obtained  purity, 
weighs  only  one-eighth  as  much,  or  itoo  hundred  pounds. 
Such  a  globe,  therefore,  being  buoyed  up,  or  supported  in  com* 
mon  air,  with  a  force  of  sixteen  hundred  pounds,  while,  if  filled 
with  hydrogen,  it  only  weighs  two  hundred,  will  carry  up  into 
the  sky  fourteen  hundred  pounds  of  material  and  load. 

The  first  balloon  was  constructed  by  a  man  ignorant  of  what 
he  was  really  effecting.  Seeing  the  clouds  float  high  in  the  at- 
mosphere, he  thought  that  if  he  could  make  a  cloud,  and  enclose 
it  in  a  bag,  it  might  rise  and  carry  him  with  it  Then  errone- 
ously deeming  smoke  and  a  cloud  the  same,  he  made  a  fire  of 
green  wood,  and  placed  a  great  bag  over  it  with  the  mouth 
downwards  to  receive  the  smoke.  He  soon  had  the  joy  to  see 
the  bag  full,  and  ascending;  but  he  understood  not  that  the  cause 
was  the  hot  dilated  air  within,  which,  being  lighter  than  the 
surrounding  air,  was  buoyed  up;  while  the  visible  part  of  the 
smoke,  which  chiefly  engaged  his  attention,  was  really  heavier 
than  the  air,  and  was  an  impediment  to  his  wishes. 

The  hot  air  erfire  haXloon  was  afterwards  better  understood, 
and  was  used  by  aeronauts,  until  the  knore  commodious  and  less 
dangerous  modification,  called  the  infiamfnahlt  air  balloon^  or 
balloon  of  hydrogen  gas,  was  substituted. 

Since  the  modern  introduction  of  gas  lights,  the  earburetted 
hydrogen  prepared  for  them  is  generally  employed  for  filling 
balloons.  It  is  considerably  heavier  than  pure  hydrogen,  but 
is  so  much  more  readily  obtained,  that  aeronauts  prefer  making  a 
larger  balloon  to  suit  it,  than  a  smaller  one  which  obliges  them 
to  prepare  the  other.  A  thin  paper  bag,  filled  with  the  hot  air 
rising  from  a  large  lamp,  is  a  miniature  hot  air  or  fire  balloon; 
and  a  common  soap  bubble  filled  with  hydrogen,  is  a  little  tn- 
flammable  air  balloon^  which  mounts  with  great  rapidity. 

There  are,  perhaps,  few  occasions  calculated  more  to  surprise 
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and  delist,  than  when  a  balloon  is  first  beheld  sailing  high  ia 
the  bosom  of  the  air,  and  lifting  man  to  regions  far  beyond 
what  the  soaring  eagle  has  ever  reached  :^-and  to  the  intrepid 
aeronaut  himself,  the  scene  of  a  world  displayed  beneath  him 
is  unquestionably  the  grandest  which  mortal  eye  has  ever  com- 
passed. Even  wide  spread  London^  the  queen  of  the  cities  of 
the  earth,  and  a  little  world  within  itself,  when  viewed  from 
such  an  elevation  in  the  sky,  appears  but  as  a  dusky  patch 
upon  a  map,  where  the  far-famed  Thames  winds  as  a  silvery 
line^  and  where  the  magnificent  temples  and  palaces  scattered 
around,  appear  but  as  darker  points  rising  out  of  the  general 
mist  of  buildings,  in  which  a  million  and  a  half  of  human  beings 
reside. 

The  first  aeronautic  expeditions  astonished  the  world,  and 
endless  reveries  passed  through  men's  minds  of  important  uses 
to  which  the  new  discovery  might  be  applied;  but  more  mature 
reflection,  and  now  frequent  trials  have  shown,  that  the  balloon 
is  interesting  chiefly  as  a  philosophical  toy,  and  from  having 
furnished  philosophers  with  the  opportunity  of  making  some 
observations  in  elevated  regions  of  the  atmosphere.  The  French, 
under  the  Directory  in  1796,  attempted  to  use  it  as  a  military 
station,  from  which  the  position  and  motions  of  an  enemy  might 
be  descried;  but  the  plan  was  eventually  abandoned.  It  has 
since  been  thought  of  as  a  means  by  which  travellers  might 
obtain  information,  while  penatrating  into  unknown  countries, 
like  the  almost  interminable  plains  of  ^ustralaata.  Although 
aeronauts,  while  aloft,  have  the  power  of  making  the  balloon 
rise  farther  by  throwing  out  part  of  the  sand-ballast  which  they 
carry  with  them,  or  of  making  it  descend  by  opening  a  valve 
at  the  top  and  allowing  the  hydrogen  to  escape,  still  they  have 
no  power  of  producing  a  lateral  motion.  The  idea  which  yet 
atrongly  excites  the  minds  of  some  projectors,  that  by  wings  or 
other  means  a  balloon  may  be  directed  in  the  sky,  nearly  as  a 
«hip  is  directed  on  the  sea,  is  not  much  more  reasonable  than  to 
suppose  that  an  insect,  suspended  to  a  huge  block  of  wood, 
driven  along  at  the  rate  of  eight  or  ten  miles  an  hour  by  a  river 
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torrent,  should  have  power  to  stop  or  sail  against  the  stream. 
A  man  in  a  balloon  would  generally  have  to  resist  or  change  a 
motion  exceeding  fifty  miles  in  an  hour. 

A  balloon  which  is  only  half  full  at  the  surface  of  the  earth, 
becomes  quite  full  when  it  has  risen  three  miles  and  a  half,  be- 
cause at  that  altitude,  air  from,  below  doubles  its  volume  on  atr- 
count  of  the  diminished  pressure.  A  balloon,  therefore,  if  quite 
distended  on  first  rising,  must  let  air  escape  as  it  ascends,  or  it 
win  burst:  this  is  true  also  of  the  drum  of  the  human  ear  under 
the  same  circumstances,  and  in  a  contrary  way,  under  the  op- 
posite circumstances  of  descending  in  a  diving-bell. 

The  downy  seeds  of  plants  seen  floating  about  upon  the  wind. 
in  autumn,  are  not  lighter  than  air,  but  have  so  much  bulk,  and 
surface  in  proportion  to  their  weight,  that  the  friction  upon  them 
of  the  passing  air  is  greater  than  their  weighty  and  carries  them 
along. 

A  sheet  of  paper,  made  in  some  degree  to  resemble  a  balloon, 
from  having  a  little  weight  representing  the  car  attached  under 
it  by  threads  from  the  angles,  is  often  seen  rising  at  a  street 
corner,  to  the  delight  of  the  boy  who  watches  it.  Its  rise  de- 
pends upon  eddy  winds  or  currents  which  the  corner  produces. 

The  ascent  of  flame  and  smoke 

in  the  atmosphere,  afibrds  other  examples  of  a  lighter  fluid  rising 
in  a  heavier;  for  both  these  are  merely  hotter  air  rising  in  the 
midst  of  colder. 

The  phenomenon  of  flame  is  produced  when  a  burning  sub* 
stance  contains  some  ingredient  capable,  on  being  heated,  of 
assuming  the  form  of  air,  and  which  ingredient  on  ascending, 
burns  or  combines  with  the  oxygen  of  the  atmosphere,  with 
intensity  of  action  sufiicient  to  produce  a  white  heat.  It  is  be- 
cause charcoal  and  coke  have  nothing  in  them  thus  volatile, 
that  they  burn  without  flame, — ^appearing  like  red-hot  stones. 
The  flame  of  a  lamp  or  candle  is  merely  the  gas  of  the  oil,  wax, 
or  tallow,  albwed  to  bdra  as  it  is  disengaged  and  rises.  The 
same  gas  obtained  by  heating  the  oil^  &C.  in  vessels  which  ex- 

Yy 


354  yNKUMATICS. 

dude  the  atmosphere,  and  prevent  immediate  combustion,  is  the 
common  oil-gas  used  for  illumination. 

Smoke  consists  of  all  the  dust  and  visible  particles  which  are 
separated  from  the  fuel  without  being  burned,  and  are  moreover 
light  or  minute  enough  to  be  carried  aloft  by  the  rising  current 
of  heated  air:  but  all  that  is  visible  of  smoke  is  really  heavier 
than  air,  and  soon  falls  again,  as  powdered  chalk  falls  in  water. 
In  the  receiver  of  an  air-pump,  where  a  candle  has  been  extin- 
guished by  exhausting  the  air,  the  stream  of  smoke  that  con* 
tinues  to  pour  from  the  wick  after  the  exhaustion,  is  seen  to  fall 
on  the  pump-plate j  because  there  is  no  air  to  support  it 

Chimneys  quicken  the  ascent  of  hot  air  by  keeping  a  large 
quantity  of  it  together.  A  column  of  two  feet  high  rises  with 
twice  as  much  force  as  a  column  of  one  foot,  and  so  in  propor- 
tion for  all  other  lengths;  just  as  two  or  more  corks  strung  to- 
gether, and  immersed  in  water,  tend  upwards  with  more  force 
dian  a  single  cork;  or  as  a  long  spear  of  light  wood,  allowed  to 
ascend  perpendicularly  from  a  great  depth  in  water,  acquires  « 
velocity  which  makes  it  dart  high  above  the  surface,  while  a 
short  piece  under  the  same  circumstances  rises  very  slowly^ 
In  a  chimney,  one  foot  in  height  of  the  column  of  hot  air,  may 
be  one  ounce  lighter  than  the  same  bulk  of  the  external  cold  air; 
and  if  the  chimney  be  one  hundred  feet  high,  the  air  or  smoke 
in  it  is  propelled  upwards  with  a  force  of  one  hundred  ounces. 
In  all  cases,  therefore,  the  draught,  as  it  is  called,  of  a  chim- 
ney, is  proportioned  to  its  length.  The  following  facts  are 
consequences  of  this  truth. 

In  low  cottages,  and  in  the  upper  floors  of  houses,  the  annoy- 
ance of  smoky  rooms  is  much  more  frequent  than  where  chim- 
neys are  longer. 

If  there  are  two  fires  in  the  same  room,  or  in  any  rooms  open 
to  each  other,  and  having  chimneys  of  different  lengths, — and 
if  the  doors  and  windows  are  very  close,  so  that  air  to  supply 
the  draughts  cannot  enter  by  them,  the  taller  chimney  will  over- 
power the  shorter,  and  cause  it  to  smoke  into  the  room;  just  as 
the  long  leg  of  a  syphon  overcomes  the  short  one,  or  as  along 
log  of  wood,  held  down  in  water  by  a  cord  passing  from  it 
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touod  a  pulley  at  the  bottom  to  a  shorter  log  also  floatiogy  will 
rise,  and  pull  down  the  shorter  log. 

A  long  chimney,  for  the  reasons  now  explained,  causes  a  cur- 
rent of  air  to  pass  through  the  fire  very  rapidly,  and  more  uni- 
formly than  can  be  effected  by  any  bellows  or  blowing  machine. 
On  these  accounts,  for  fires  of  steam-engines,  and  many  others, 
it  is  the  means  of  blowing  generally  preferred.  The  most  in- 
tense heat  that  art  can  produce  in  a  furnace  is  in  that  called  an 
air-furnace,  that  is  to  say,  in  one  blown  by  the  action  of  a  chim- 
ney. The  importance  of  length  in  a  chimney  explains  the  sin- 
gular appearance  of  some  mining  districts  and  modern  English 
towns,  where  steam-engines  abound. 

. .  When  we  heap  dying  embers  together,  so  that  the  hot  air  ri- 
aing  among  them  may  become  a  mass  or  column  of  considera- 
ble altitude,  this  column  has  the  effect  of  blowing  them  gently, 
and  helps  to  light  them  up  again.  A  piece  of  burning  paper 
thrown  upon  the  top  of  a  half-extinguished  fire,  often  makes  it 
blaze  afresh,  by  causing  a  more  rapid  current  of  air  to  pass 
through  it  from  below. 

The  action  or  draught  of  a  chimney  depends  also  on  the  degree 
in  which  the  air  in  it  is  heated,  because  this  determines  the 
dilatation  or  lightness,  which  makes  the  air  ascend. 

In  what  are  called  open  fire-placeSf  such  as  those  in  the  sit- 
ting-rooms of  Britain,  a  large  quantity  of  colder  air  directly 
from  the  apartment  enters  the  chimney  above  the  fire,  and 
mixes  with  the  hot  air  from  the  fire  itself.  This  mixture  as* 
cends  more  slowly  than  if  hot  air  alone  entered,  and  in  exact 
proportion  to  the  degree  of  mixture.  The  efiect  of  excluding 
a  part  of  this  cold  air,  is  seen  when  a  board  or  plate  of  metal  is 
applied  across  the  opening  of  the  chimney,  so  as  to  narrow  the 
entrance: — almost  instantly  a  quicker  action  is  produced,  and 
the  fire  begins  to  roar  as  if  blown  by  a  bellows.  This  noieans  is 
often  used  to  blow  the  fire  instead  of  bellows,  or  to  cure  a 
smoky  chimney,  by  increasing  the  draught.  What  is  called  a 
register  stove  ia  a  kindred  contrivance.  Its  chief  peculiarity 
is  a  flap  placed  in  the  throat  of  the  chimney,  and  serving  to 
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widen  or  contract  it  at  pleamire.  Because  this  flap  is  getieralljr 
opened  enough  only  to  allow  the  air  to  pass  which  rises  directly 
from  the  fire,  the  chimney  receives  only  very  hot  air,  and 
therefore  acts  well.  The  register  stove  often  cures  smoky 
chimneys:  and  by  preventing  the  too  ready  escape  of  the  mode* 
rately  warmed  air  of  the  room,  of  which  so  much  is  wasted  by 
a  common  fire-place,  it  also  saves  fuel.  In  what  are  called 
close  fire-placeSy  as  those  of  steam-engines,  or  brewers'  cop- 
pers, when  the  furnace  door  is  shut,  no  air  can  enter  the  ehim* 
ney  but  directly  through  the  fire:  hence  the  action  of  such 
chimneys  is  very  powerful. 

In  a  room  with  two  fires,  or  in  drawing-rooms  eommanica* 
ting  with  each  other,  although  the  chimneys  be  of  equal  length, 
that  one  over  the  best  fire  will  act  the  most  strongly;  and  if  the 
doors  and  windows  be  so  close,  as  to  prevent  a  sufficiency  of  air 
from  entering  by  them  to  supply  both  fires,  cold  air  will  enter 
by  that  chimney  which  has  the  weakest  fire,  and  the  smoke 
from  it  will  spread  into  the  room.  How  often  is  an  assembling 
dinner  party  annoyed  by  the  smoke  of  a  second  drawing-room 
fire  which  had  just  been  lighted  before  their  arrival,  and  which 
had  therefore  to  contend  with  the  antagonist  fire,  already  in 
powerful  action  all  the  day.  In  such  a  case,  while  only  one  fire 
is  lighted,  the  cold  chimney  admits  the  air  to  feed  it,  just  as  an 
open  pane  in  the  window  would  da  A  room  may  be  so  close 
that  no  air  can  find  entrance,  and  in  such  a  case  the  smoke  of  t 
fire  there  must  flow  into  the  room. 

When  all  the  windows  and  doors  of  a  house  fit  so  closely  as 
not  to  admit  air  for  the  acting  chimneys,  the  supply  comes 
down  the  chimneys  that  are  not  in  use.  From  inattention  to  this 
fact,  many  a  good  chimney  has  the  reputation  of  being  sm^y, 
because  on  the  attempt  being  made  to  light  a  fire  in  it,  the 
smoke  at  first  is  always  thrown  back.  The  truth  is,  that  whea 
the  servant  begins  to  light  the  fire,  there  is  a  downward  ouiw 
rent  in  the  chimney,  which  repels,  of  eornise,  any  heated  air 
and  smoke  that  approaches  it,  and  spreads  them  over  the  wbele 
house;  but  were  the  servant  to  shut  the  room-door  for  a  few  mi^ 
nutes^  so  as  to  cut  tii  communicaiioii  with  the  oH^rdmtmng 
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chimneys  in  the  hoaat^  and  at  the  same  time  were  to  open  the 
window,  the  chimney  would  act  at  once;  and  when  aufficiently 
heated)  would  continue  to  act  in  spite  of  the  others,  and  as  well 
as  they. 

There  are  some  cases  of  smoky  rooms  which  are  not  so  easily 
corrected  as  what  we  ha^e  now  mentioned.  When  a  low  house 
stands  near  a  lofty  one,  the  wind,  because  obstructed  by  the  lat- 
ter, becomes  a  gathering  or  condensation  of  air  against  the  waU; 
and  if  the  top  of  a  low  chimney  be  there^  the  compressed  air 
enters  it,  and  pours  downwards.  The  same  happens  occasion- 
ally from  the  proximity  of  trees  or  rocks.  In  such  oases,  to 
avoid  the  influence,  chimneys  are  often  made  very  lofty.  Again, 
whenever  from  the  nature  of  buildings,  eddies  of  wind  occur,  as 
at  street  corners,  &c.,  chimneys  do  not  act  regularly.  It  is  pro^ 
verbial,  that  corner-houses,  or  those  at  the  ends  of  a  row,  are 
smoky  houses,  and  the  uniformity  of  architecture  in  a  street  is 
often  destroyed  by  the  necessity  of  lengthening  their  chimneys. 
Smoke  is  often  found  descending  into  a  room  where^ there  is  no 
fire,  viz.  when  the  empty  chimney  is  serving  as  an  inlet  for  air 
to  the  house,  and  the  smoke  of  a  neighbouring  chimney  is  pass- 
ing closely  over  the  top  of  it. 

In  summer,  when  fires  are  not  in  use,  there  is  often  a  strong 
smell  of  soot  perceived  in  the  apartments  during  the  whole  of 
the  day,  but  which  ceases  at  night  The  reason  is,  that  during 
the  day  the  chimney  is  colder  than  the  external  air:  and  by  eon* 
densing  the  air  which  enters,  it  causes  a  downward  current 
through  the  soot  During  the  night,  again,  when  the  external 
air  becomes  colder  owing  to  the  absence  of  the  sun,  the  chinh- 
ney,  by  retaining  the  heat  absorbed  dnring  the  day,  is  hot  enough 
to  warm  what  enters,  and  to  cause  an  upward  current.  These 
currents  in  chimneys  left  open  dui^in^  the  days  and  nights  of 
summer,  are  almost  as  regular  as  the  land  and  sea  breeases  of 
tropical  countries. 

All  these  remarks  prove  how  important  it  is  to  be  able  to 
conceive  clearly  of  the  motions  going  on,  according  to  the  sim* 
l^le  laws  of  matter,  in  the  invisible  air  around  us.  Were  such 
snbjeets  better  and  more  generally  understood,  many  prevalent 
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lerrors  in  the  arts  of  life  would  soon  be  correctedi  and  we  ahotdd 
have  a  correspoDding  improvemeDt  in  the  comforts  and  health, 
of  the  community.  We  are  filled  with  admiration  on  discover* 
ing  how  perfectly  the  simple  fact  of  a  lighter  fluid  rising  in  a 
heavier,  provides  a  constantly  renewed  supply  of  frerii  air  to 
our  fires,  which  supply  we  should  else  have  to  furnish  by  the 
unremitted  action  of  some  expensive  blowing  apparatus;  but  the 
operation  of  the  law  is  still  more  admirable  as  respects  the  sup« 
ply  of  the  same  vital  fluid  to  breathing  creatures.  The  air  which 
a  man  has  once  respired  becomes  poison  to  him;  but  because 
the  temperature  of  his  body  is  higher  than  that  of  the  atmosphere 
around  him,  as  soon  as  he  has  discharged  any  air  from  the  lung% 
it  ascends  away  from  him  into  the  great  purifying  laboratory 
of  the  atmosphere,  and  new  air  takes  its  place.  No  art  or  la* 
hour  of  his  could  have  done  half  so  well  what  this  simple  law 
unceasingly  and  invisibly  aecomplishes,  without  ettort  or  atten^ 
tien  on  his  part,  and  in  his  sleeping  as  in  his  waking  hours. 

The  warming  and  ventilating  of  houses 

is  an  important  art,  founded  chiefly  on  the  foregoing  consider* 
ations,  and  at  present  too  little  understood,  not  only  by  the  pub* 
lie  at  large,  but  even  by  medical  practitioners,  whose  manage* 
ment  of  disease,  though  judicious  in  other  respects,  is  often 
rendered  vain  by  error  or  omission  in  this. 

Excellent  fuel  is  so  cheap  in  Britain,  owing  to  the  profusion 
with  which  beds  of  rich  coal  are  scattered  among  the  mineral 
treasures  of  this  favoured  portion  of  the  earth,  that  a  careless 
expenditure  has  arisen;  which  however,  instead  of  securing  the 
comfort  and  health  that  might  be  expected,  has  led  to  plans  of 
warming  which  often  prove  destructive  of  both.  The  mischief 
lies  chiefly  in  the  unsteadiness  or  fluctuations  of  our  domestic 
temperature.  In  cold  countries  again,  where  fuel  is  more 
scarce,  as  in  the  north  of  continental  Europe,  the  necessity  for 
economy  has  led  to  contrivances  which  give  steady  temperature 
and  impunity. 

In  cM  countries  to  retain  and  preserve  the  heat  once  obtain* 
ed,  the  inhabitants  use  thick  walls,  double  windows^  «lo8e 
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Joinings,  and  dofle  stoyes  or  fire  places,  that  is  to  say,  which 
draw  their  supply  of  air  not  from  the  apartments  where  they 
are  placed,  that  the  temperate  air  of  these  may  not  be  wasted, 
but  directly  from  without  Thus  fuel  is  sayed  to  a  great  ex« 
tent,  and  a  uniformity  of  temperature  is  produced,  both  as  re- 
gards the  different  parts  of  the  room,  so  diat  the  occupiers  may 
sit  with  comfort  any  where;  and  also  as  regards  the  different 
times  of  the  day,  for  the  stoye  being  once  heated  in  the  mom* 
ing,  often  suffices  to  maintain  a  steady  warmth  until  night 
The  temperature  can  he  carried  to  any  requi:red  degree,  and 
sufficient  yentilation  is  easily  effected.  These  means  proye 
yery  fayourable  to  health,  by  giying  a  uniform  and  temperate 
warmth,  instead  of  extremes  and  fluctuations. 

In  England,  again,  the  apartments  with  their  open  chimneys, 
may  be  compared  to  great  air^ funnels,  constantly  pouring  out 
their  warm  contents  through  a  large  opening,  and  constantly  re* 
quiring  to  be  replenished.  They  thus  waste  fuel  exceedingly, 
because  the  chimney  being  large  enough  to  allow  a  whole  room« 
full  of  air  to  pass  away  in  two  or  three  minutes,  the  air  of  the 
room  has  to  be  warmed,  not  once  in  the  course  of  the  day,  but 
very  many  times.  The  temperature  in  them  is  made  to  fluctu* 
ate  by  the  slightest  causes,  as  the  opening  a  door,  the  omitting 
to  stir  the  fire,  &c.  The  heat  is  yery  unequal  in  different  parts 
of  the  room,  rendering  it  necessary  in  general  for  the  company 
to  sit  near  the  fire;  where  they  must  often  submit  to  be  almost 
scorched  on  one  sicje,  while  they  are  chilled  on  the  other. 
There  is  generally  a  warm  stratum  of  air  aboye  the  leyel  of  the 
ehimney*piece,  surrounding,  therefore,  the  upper  part  of  the 
bodies  of  persons  in  the  room,  while  a  cold  stratum  below  enve- 
lopes the  sensitive  feet  and  legs.  As  a  very  rapid  current  is 
constantly  ascending  in  the  chimney,  a  corresponding  supply 
must  be  entering  somewhere;  and  it  can  only  enter  by  the  ere- 
yices,  and  defects  in  the  doors,  windows,  floors,  &c. ; — now 
there  is  nothing  more  dangerous  to  health  than  to  sit  near  such 
inlets,  as  is  proved  by  the  rheumatisms,  stiff  necks,  and  ca- 
tarrhs, not  to  mention  more  serious  diseasesy  which  so  frequent- 
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ly  follow  the  exposure.     Their  k  an  old  Spanbb  proverb,  thw 
translated, 

«  If  cold  wind  reach  you  through  a  hole, 
**  Go  make  your  will,  and  mind  your  soul.'* 

And  it  is  scarcely  an  exaggeration. 

Consatnption  is  the  disease  which  carries  off  a  fifth  or  more 
of  the  persons  bom  in  Britain;  owing  in  part,  no  doubt,  to  the 
changeableness  of  the  external  climate,  bat  mtich  more  to  the 
faulty  modes  of  warming  and  ventilating  the  houses.  To  judge 
of  the  influence  of  temperature  in  producing  this  disease,  we 
may  consider — ^that  miners  who  live  under  ground,  and  are 
always,  therefore,  in  the  same  temperature,  are  strangers  to  it, 
while  their  brothers  and  relatives,  exposed  to  the  vicissitudes 
above  ground,  fall  victims — that  butchers  and  others  who  live 
almost  constantly  in  the  open  air,  so  as  to  be  hardened  by  the 
exposure,  enjoy  nearly  equal  immunity — that  consumption  is 
scarcely  known  in  Russia,  where  close  stoves  and  houses  pre- 
serve  a  uniform  temperature  within  doors,  while  fit  clothing 
gives  safety  on  going  out — and  that  in  all  countries  and  situa- 
tions, whether  tropical,  temperate  or  polar,  the  frequency  of 
the  disease  bears  relation  to  the  manner  of  change.  We  may 
here  remark  also,  that  it  is  not  consumption  alone  which  springs 
from  changes  of  temperature,  but  a  great  proportion  of  acute 
diseases,  and  particularly  of  our  common  winter  diseases. 
There  are  few  cases  in  which  the  invalid  has  not  to  remark, 
that  if  he  had  avoided  cold  on  some  certain  occasion,  he  might 
yet  have  been  well. 

While  temperature  b  thus  so  frequently  an  original  cause  of 
disease,  it  is  also  a  circumstance  of  the  very  highest  importance 
in  the  treatment,  as  is  proved  by  every  fact  bearing  upon  the 
question.  We  may,  therefore,  at  first  wonder  that  it  should  fa^ 
so  negligently  and  unskilfully  controlled  as  we  often  see  it; 
disease  and  death  being  thence  allowed  to  lurk  almost  undis- 
turbed in  the  sanctuaries  of  our  homest  but  when  we  reflect  on 
the  subtile  and  invisiUe  nature  of  air  and  heat^  and  that  ti»^ 
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vcienoe  which  detects  their  aji^ncies  has  been  hitherto  so  little 
an  object  of  general  study,  and  is  indeed  of  modem  discovery, 
the  fact  is  accounted  for. 

In  Enf^land,  the  open  fire-place  is  so  generally  in  use  for  com- 
mon dwellings,  and  the  cheerful  blaze  is  accounted  so  essential 
to  the  happiness  of  our  winter  days  and  long  evenings,  that  it 
would  he  difficult  to  persuade  persons  to  the  abandonment  of  it; 
let  us  hope  then,  that  when  the  subjects  which  we  are  now 
discussing  come  to  be  better  and  more  generally  understood, 
the  open  fire,  with  close  flooring,  better  or  double  windows, 
doors  that  fit  wellf  register  stoves,  and  good  general  manage- 
xnent  may  be  rendered  almost  as  efficient  for  warming,  and  as 
safe  to  health,  as  any  other  contrivance. 

The  following  considerations  present  themselves  in  this'  place. 
— ^Small  rooms  in  winter  are  more  dangerous  to  health  than 
large  ones,  because  the  cold  air,  entering  towards  the  fire  by  the 
doors  or  windows,  reaches  the  persons  in  the  room  before  it  qan 
be  tempered  by  mixing  with  the  warmer  air  already  around 
them. — Stoves  in  the  halls  and  staircases  are  useful,  because 
they  warm  the  air  before  it  enters  the  rooms;  and  they  prevent 
the  hurtful  chills  often  felt  on  passing  through  a  cold  staircase 
from  one  warm  room  to  another. — It  is  important  to  admit  no 
more  cold  air  into  the  house  than  is  just  required  for  the  fires, 
and  for  ventilation;  hence  there  is  a  great  error  in  the  common 
practice  of  leaving  all  the  chimneys  that  are  not  in  use  quite 
open:— each  admits  air  as  much  as  a  hole  in  the  wall,  or  an 
open  pane  in  a  window  would  do.— ^Perhaps  the  best  mode  of 
admitting  air  to  feed  the  fires  is  through  tubes,  leading  directly 
from  the  outer  air  to  the  fire-place,  and  provided  with  what  ar6 
called  throttle- valves,  for  the  regulation  of  the  quantity:  the 
fresh  air  admitted  by  them  may  be  made  to  spread  in  the  room 
either  at  once,  or  after  having  been  warmed  during  its  passage 
inwards,  by  coming  near  the  fire. — In  a  very  close  apartment, 
ventilation  must  be  expressly  provided  for  by  an  opening  near 
the  ceiling,  to  allow  the  impure  air  rising  from  the  respiration 
of  the  company  to  pass  away.    With  an  open  fire^  the  purpose 
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is  effeetedy  by  the  frequent  ehuige  of  the  whole  air  pf  the  roeoi 
which  that  construction  occaaioafl. 

With  a  view  to  have,  in  rooms  intended  for  invalids,  the 
meet  perfect  security  against  oold  blasts  and  fluctiiatioa  of  tem- 
perature, and  still  to  retain  the  so  much  valued  appearance  of 
the  open  fire,  a  glazed  frame  or  wind<vw  may  be  placed  at  the 
entrance  to  the  chimney,  so  as  completely  to  prevent  the  pas- 
sage of  air  from  the  room  to  the  fire.  The  room  will  then  be 
warmed  by  the  fire  through  the  glass,  as  a  green-house  is  warmed 
by  the  rays  of  the  sun.  It  is  true,  that  the  heat  of  combostioa 
does  not  pass  through  glass  so  readily  as  the  heat  of  the  sua; 
but  the  difierenee  is  not  important.  The  glass  of  such  a  window 
must,  of  course,  be  divided  into  small  panes;  and  supported  by 
a  metallic  frame^work  to  resist  the  heat.  There  must  be  a  flap 
or  door  in  the  frame-work,  for  the  purpose  of  admitting  the  fud 
and  stirring  the  fire.  Air  must  be  supplied  to  the  fire  w  de» 
scribed  above,  by  a  tube  leading  directly  from  the  external  at- 
mosphere. The  ventilation  of  the  room  may  be  effected  by  an 
opening  into  the  chimney  near  the  ceiling;  and  the  temperature 
may  be  regulated  with  great  precision  by  a  valve  placed  in  this 
opening,  and  made  to  obey  the  dilatation  and  contraction  of  a 
piece  of  wire  affixed  to  it,  the  length  of  which  will  always  de^ 
pend  on  the  temperature  of  the  room. — The  author  first  contrived 
the  fitting  up  of  a  room  here  described,  for  the  winter  residence 
of  a  person  threatened  with  consumption;  and  the  happy  issue 
of  that  particular  case,  and  of  others  treated  on  similar  pria<- 
eiples,  has  led  him  to  doubt,  whether  many  of  the  patients  with 
incipient  consumption,  who  are  usually  sent  to  warmer  climatei^ 
and  who  die  there  after  sufiering  hardships  on  the  journey»  and 
distress  from  the  banishment  sufficient  to  shake  even  strong 
health,-«'might  not  be  saved,  by  judicious  treatment  in  properly 
warmed  and  ventilated  apartments,  under  their  own  roofs,  and 
in  the  midst  of  affectionate  kindred. — ^And  if  a  boy  be  almost 
certainly  secured  from  consumption  by  being  made  a  miner  or 
a  butcher,  may  we  not  hope  that,  when  all  the  influencing  cir* 
eumstaBoes  come  to  be  better  understood^  something  of  the  siua^ 


FLaATIKO— WIWDS-  363 

immunity  may  be  obtained  for  persons  in  all  the  professions  and 
conditions  of  civilized  society? 

It  must  not  be  supposed  that  the  remarks  made  in  this  section 
go  near  to  exhaust  the  very  important  subject  of  temperature  as 
affecting  health.  The  questions  of  clothing  of  hot  and  cold 
bathings  of  exercise^  and  others,  equally  belong  to  it,  but  the 
eonrideration  of  them  falls  under  other  departments  of  study. 

Winds  or  currents  in  the  atmosphere 

9Stt  also  phenomena,  in  a  great  measure  dependent  on  the  law, 
tfiat  lighter  fluids  rise  in  heavier.  As  oil  let  loose  under  water 
19  pressed  up  to  the  surface  and  swims,  so  air  near  the  surface  of 
the  earth,  when  heated  by  the  sun,  rises  to  the  top  of  the  at* 
Biosphere,  and  spreads  there,  forced  up  by  the  heavier  air 
around  which  rushes  inwards,  and  constitutes  wind.  The  cross 
currents  in  the  atmosphere,  thus  arising,  are  often  rendered  evi* 
dent  by  the  motion  of  clouds  or  balloons. 

If  our  globe  were  at  rest,  and  the  sun  were  always  acting 
over  the  same  part,  the  earth  and  air  directly  under  him 
would  become  exceedingly  heated,  and  there,  the  air  would  be 
constantly  rising  like  oil  in  water,  or  like  the  smoke  from  a 
great  fire;  while  currents  or  winds  would  be  pouring  towards 
<h^  central  spot,  from  all  directions  below.  But  the  earth  is 
constantly  turning  around  und^r  the  sun,  so  that  the  whole  mid- 
dle region  or  equatorial  belt  may  be  called  the  sun's  place;  and 
therefore,  according  to  the  principle  just  laid  down,  there 
should  be  over  it  a  constant  rising  of  air,  and  constant  currents 
from  the  two  sides  of  it,  or  the  north  and  south,  to  supply  the 
ascent  Now  this  phenomenon  is  really  going  on,  and  has  beep 
going  on  ever  since  the  beginning  of  the  world,  producing  the 
steady  winds  of  the  northern  and  southern  hemi^pb^'es,  called 
trade  toinds,  on  which  in  most  places  within  thirty  degrees  of 
the  equator,  mariners  reckon  almost  as  confidently  as  on  the 
the  rising  and  setting  of  the  sun  himself. 

The  trade  winds,  however  do  not  appear  on  the  eartli  to  be 
directly  north  and  south,  as  they  are  in  fact,  for  the  eastward 
whirling  or  diursal  rotation  of  the  earth,  causes  a  wind  from* 
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the  north  to  appear  as  if  coming  from  the  north-east,  and  a  wind 
from  the  south  as  if  coming  from  the  south-east  This  is  illus- 
trated hy  the  case  of  a  man  on  a  galloping  horse,  to  whom  a 
cahn  appears  to  be  a  strong  wind  in  his  face;  or  if  he  be  riding 
eastward  while  the  wind  is  directly  north  or  south,  such  wind 
will  appear  to  him  to  come  from  the  north-east,  or  south-east: 
— or  again,  by  the  case  of  a  small  globe  made  to  turn  upon  a 
perpendicular  axis,  while  a  ball  or  some  water  is  allowed  to  run 
from  the  top  of  it  downwards: — the  ball  or  water  will  not  im- 
mediately acquire  the  whirling  motion  of  the  globe,  but  will 
fall  almost  directly  downwards;  so  that  the  track  if  marked 
upon  the  globe  will  appear  not  as  a  direct  line  from  the  axis  to 
the  equator,  that  is  from  north  to  south,  but  as  a  line  falling  ob* 
liquely. — It  is  thus  the  whirling  of  the  earth  which  is  the 
cause  of  the  oblique  and  westward  direction  of  the  trade-winds, 
and  not  as  has  often  been  said,  the  sun  drawing  them  after  him. 

The  reason  why  the  trade* winds  at  their  external  confines, 
which  are  about  30^  from  the  sun's  place,  appear  almost  directly 
east,  and  become  more  nearly  north  and  south  as  they  ap- 
proach  the  central  line,  is,  that  at  the  confine  they  are  like  fluid 
coming  from  the  axis  of  a  turning  wheel,  which  has  approach* 
ed  the  circumference,  but  has  not  yet  acquired  the  velocity  of 
the  circumference;  while  nearer  the  line,  they  are  like  the  fluid 
after  it  has  for  a  considerable  time  been  turning  on  the  circum* 
ference,  and  has  acquired  its  rotatory  motion,  appearing  at  rest 
as  regards  that  motion,  but  still  leaving  sensible  any  motion  in 
a  cross  direction. 

While,  in  the  lower  regions  of  the  atmosphere,  air  is  con* 
stantly  flowing  towards  the  equator  and  forming  the  steady 
trade-winds  between  the  tropics,  in  the  upper  regions  there 
must  of  course  be  a  counter-current  distributing  the  heated  air 
again  over  the  globe.  Accordingly,  since  reasoning  led  men  to 
expect  this,  many  striking  proofs  have  been  noted.  At  the 
summit  of  the  Peak  of  Teneriffe,  observations  now  prove  that 
there  is  always  a  strong  wind  blowing  in  a  direction  contrary 
to  that  of  the  trade-wind  on  the  &ce  of  the  ocean  below. 
'Again,  the  trade-winds  among  the  West-India  Islands  are  cw* 
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Stent,  yet  volcanie  dust  thrawn  aloft  from  the  Island  of  St  Via* 
cent,  in  the  year  ISIS,  was  found,  to  the  astonishment  of  the 
inhabitants  of  Barbadoes,  hovering  over  them  in  thick  clouds^ 
and  falling,  af>er  coming  more  than  a  100  milea  directly  against 
the  strong  trade-wind,  which  ships  must  take  a  circuitous  course 
to  avoid.  In  sailing  from  the  Cape  of  (rood  Hope  to  St.  Uele* 
na  the  sun  is  often  hidden  for  days  together  by  a  stratum  of 
dense  clouds  passing  southward  high  in  the  atmosphere;  which 
elouda  consist  of  the  moisture  raised  near  the  equator  with  the 
heated  air,  and  becoming  condensed  again  as  it  approaches  the 
colder  regions  of  the  sooth. 

Bej'ond  the  tropics,  where  the  heating  influence  of  the  sun  is 
less,  the  winds  occasionally  obey  other  causes  than  those  we 
have  now  been  considering,  which  causes  have  not  yet  been  fully 
investigated*  The  winds  of  temperate  climates  are  in  conse- 
quence much  less  regular,  and  are  called  variable;  but  still  as  a 
general  rule,  whenever  air  is  moving  towards  the  equator,  from 
the  north  or  south  poles  where  it  was  at  rest,  it  must  have  the 
appearance  of  an  east  wind,  or  a  wind  moving  in  the  contrary 
direction  to  the  earth  itself,  until  it  haa  gradually  acquired  the 
whirling  motion  of  that  part  of  the  surface  of  the  earth  on 
which  it  is  found;  and  again,  when  air  is  moving  from  the  equa* 
tor,  where  it  had  at  last  acquired  nearly  the  same  motion  as  that 
part  of  the  earth,  on  reaching  parts  nearer  the  poles,  and  which 
have  less  eastward  motion,  it  continues  to  run  faster  thaa  tkey^ 
and  becomes  a  westerly  wind.  In  many  situations  beyond  the 
tropics  the  westerly  winds,  which  are  merely  the  upper  equa- 
torial currents  of  air  falling  down,  are  almost  as  regular  as  the 
easterly  winds  within  the  tropics,  and  might  also  be  called  trade* 
winds: — witness  the  usual  shortness  of  the  voyages  from  New 
York  to  Liverpool,  and  the  length  of  those  made  in  the  contra- 
ry direction.  North  of  the  equator,  then,  on  earth,  true  north 
winds  appear  north-east,  and  true  south  winds  appear  south- 
west:-»which  are  the  two  winds  that  blow  in  England  for  three 
hundred  days  of  every  year.  In  southern  climates  the  con*- 
Terse  is  true. 

While  the  aun  is  beaming  directly  over  a  tropical  island  he 
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VTBtmB  very  much  the  surface  ef  the  soil^  and  therefore  abe  the 
Hir  ofer  it;  but  the  rays  which  fall  upon  the  ocean  around  pen- 
etrate deep  into  the  mass,  and  the  superficial  increase  of  teraper- 
atore  h  less.  As  a  consequence  of  this^  there  is  a  rapid  ascent 
of  hot  air  over  the  island  during  the  day,  and  a  cooler  wind 
blowing  towards  its  centre  from  all  directions.  This  wind  con« 
stitutes  the  refreshing  sea-breeze  of  tropical  islands  and  coasts. 
A  person  must  have  been  among  these,  to  conceive  the  delight 
which  the  sea-breeze  brings  after  the  sultry  stagnation  which 
precedes  it  The  welcome  ripple  shorewards  is  first  perceived 
on  the  surface  of  the  lately  smooth  or  glassy  water;  and  soon  the 
whole  face  of  the  sea  is  white  with  little  curling  waves^  among 
which  the  graceful  canoe  shoots  along. 

During  the  night  an  opposite  phenomenon  takes  place.  The 
surface  of  the  earth,  then  no  longer  receiving  the  son's  rays,  is 
Soon  cooled,  while  the  sea  which  absorbed  heat  during  the  day, 
not  on  the  surface  only,  but  through  its  mass,  continues  to  give 
cut  heat  all  night.  The  consequence  is,  that  the  air  over  the 
earth  being  colder  than  that  over  the  sea,  sinks  down,  and 
spreads  out  on  all  sides,  producing  the  land-breeze  of  tropical 
climates.  This  wind  is  often  charged  with  unhealthy  exhalations 
from  the  marshes  and  forests,  while  the  sea-breeze  is  all  purity 
and  freshness.  Many  islands  and  coasts  would  be  absolutely 
uninhabitable  but  for  the  sea-breeze. 

The  peculiar  distribution  of  land  in  the  Asiatic  part  of  the 
globe,  produces  the  curious  efiect  there  of  a  sea-breeze  of  six 
months,  and  a  land-breeze  of  six  months.  The  great  continent 
of  Asia  lies  chiefly  north  of  the  line,  and  during  its  summer  the 
air  over  it  is  so  much  heated,  that  there  is  a  constant  steady  in-* 
flux  from  the  south — appearing  south-west,  for  the  reason  given 
in  a  preceding  page;  and  during  its  winter  months,  while  the 
sun  is  over  the  southern  ocean,  there  is  a  constant  land-breeze 
from  the  north — appearing,  for  a  like  reason,  north-east.  These 
winds  are  called  monsoons;  and  if  their  utility  to  commence  were 
to  be  a  reason  for  a  name,  they  also  deserve  the  name  of  trade** 
winds.  In  early  periods  of  navigation,  they  served  to  the  man* 
ner  the  purpose  of  compass^  as  well  as  of  moving  power;  and 
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one  Toya^  outward,  and  another  liomeirard,  wkh  4lie  chattg^«g 
monsoons,  filled  up  his  year. — On  the  western  shorea  of  Africa 
and  America  also,  the  trade-winds  are  interfered  with  fay  tho 
beating  of  the  land;  but  much  less  than  in  Asia,  and  alwayein 
accordance  with  the  laws  now  explained. 

The  frightful  tornadoes,  or  whirlwinds,  which  occasionally 
devastate  certain  tropical  regions,  making  victims  of  every  ship 
or  bark  caught  on  the  waters,  and  the  violent  gusts  or  squalls 
met  with  every  where,  are  owing  to  some  sudden  chemical 
ohanges  in  the  atmosphere,  opt  yet  fully  understood. 

7%6  Pneumatic  Through  and  Gasometer 

of  the  chemist  are  contrivances  eonstantly  displaying  the  truth 
Xiow  under  consideration,  <<  that  a  lighter  fluid  is  pushed  up  or 
floats  in  a  heavier.'^  They  are  important  parts  of  the  appara- 
tus for  operating  on  substances  while  in  the  form  of  air. 

The  trough  a  may  be  made  of  tin  plate  or  wood,  and  of  any 
oonvenient  size.  It  is  nearly  fiUed  with  water,  and  has  at  one 
«nd,  under  the  surfisbce  of  the  water,  a  shelf,  on  which  jars  or 
vessels,  as  b  and  e,  may  rest.  Any 
particular  air  or  gas  is  preserved  sepa- 
rate from  the  atmosphere^  by  being 
placed  in  one  of  thi^ie  jars  with  the 
mouth  downwards.  The  gas  is  passed 
into  the  jar  by  first  iraoiersiag  this  in 
the  trough,  so  as  to  fill  it  with  water 
and  to  expel  the  common  air  from  it;  and  by  then  holding  its 
mouth  over  the  g^s  while  rising  under  the  water  from  ano* 
ther  vessel  or  pipe;-^  represents  a  long-necked  vessel,  used  to 
contain  the  ingredients  for  the  production  of  gases  by  chemi* 
cal  action.  The  gas,  of  course  rises  to  the  top  of  the  jar  6,  and 
gradually  displaces  the  water.  During  the  operation  of  filling 
Uie  jar  may  be  supported  by  the  hand  or  by  resting  upon 
the  shelf; — ^in  the  latter  case  the  air  is  allowed  to  rise  into  it 
through  a  hole  in  the  shelf  provided  with  a  «mall  funnel  gaping 
downwards  to  catch  the  air  more  readily.  The  shell  may  haxe 
aoom  on  it  {v  loany  jais^  and  it  may  haveiBwe  holes  ihanoAA; 
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•Dd  if  the  gas  under  operttion  be  such  that  water  absorbs  or 

ehanges  it,  some  other  liquid,  as  mercury,  may  be  used  instead 

of  water. 

A  gawmeier  or  gas^holder^  is  merely  a  larger  jar  or  ve»* 

^^.........^^      sel  £fy  dipping  into  water,  with  its 

v^  ^      mouth  downwards,  in  a  trough  of 

■      its    own   shape,   h  e,   and   so  sup> 
!      ported  or  counterpoised«by  a  weight 
I      by  rf,  over  pulleys,  that  very  little 
j      force  may  suffice  to  move  it  up  or 
I      down.     Air  forced  into  it  through  a 
\       pipe/* opening  under  it,  causes  it  to 
r^     rise  or  float  higher  in  proportion  to 
^      the  quantity.     The  air  is  made  to 
pass  from   it  again   when   wanted) 
^^=::^  Vw=         through  the  same  tube  or  through 

another  as  e. 
The  huge  gasometers,  exceeding  in  size  an  ordinary  house, 
and  containing  the  supply  of  gas  for  the  lamps  of  a  town,  are 
vessels  suspended  as  above  represented,  in  great  pits  or  troughs 
of  cast-iron,  filled  with  water.  The  gas  issues  with  force  pro- 
portioned to  the  downward  pressure  of  the  containing  ves- 
sels, which  may  be  nicely  regulated  in  a  variety  of  ways,  and 
is  generally  made  to  equal  the  action  of  a  column  of  water  of 
two  inches  in  height,  that  is  to  say,  such  that  a  pipe  in  com- 
munication with  the  vessel  at  one  end,  and  dipping  into  water 
with  the  other  shall  allow  gas  to  escape,  if  immersed  less  than 
two  inches  perpendicularly. 

It  would  be  encroaching  on  the  province  of  the  chemist  to 
treat  here  particularly  of  the  substances  which  most  generally 
exist  in  the  aeriform  state;  but  to  give  an  increased  interest  to 
the  description  of  the  gas- apparatus,  a  few  leading  facts  may  be 
mentioned. 

Of  about  fifty  distinct  substances  known  as  the  materials  of 
our  globe,  five,  when  uncombined,  and  under  common  circum- 
stances, of  heat  and  pressure,  exists  as  airs  or  gases.  The  water 
used  to  fill  the  apparatus  above  described  is  a  compoood  of  two 
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of  theae  subsUnoeSy  viz,  oxygen  and  hydrogen.  By  directing 
an  electrical  current  through  water,  it  is  gradually  decomposed^ 
and  from  one  end  of  a  tube  in  it,  a  stream  of  aeriform  oxygen 
may  be  received,  and  from  the  other  end  a  stream  of  hydrogen. 
The  two  gases  may  be  again  united  to  form  water,  by  mixing 
them  in  a  proper  vessel,  and  passing  an  electric  spark  through 
them.     They  combine  with  explosion. 

This  oxygen^  so  called  from  its  relation  to  acids,  has  been 
accounted,  for  many  reasons,  the  most  important  substance  in 
nature.  It  forms  eight-ninths,  by  weight,  of  the  ocean;  one- 
fourth  of  the  atmosphere;  and,  perhaps,  one-fourth  of  the  solid 
matter  of  the  globe:  possibly,  therefore,  although  most  persons 
thiok  of  it  only  as  an  air  or  gas,  there  is  not  a  millionth  part  of 
the  quantity  of  oxygen  in  the  world,  existing  as  air.  It  unites 
readily  with  most  other  substances,  and  generally  with  such  in- 
tense action  as  to  produce  the  phenomenon  of  lire  or  cumbus- 
lion; — ^the  word  combustible  duefly  applies  to  substances  that 
quickly  eombine  with  oxygen. 

Oxygen  assumes  a  singular  variety  of  character  in  its  differ- 
ent combinations.  Thus  with  hydrogen,  it  forms  water;  with 
leadf  it  forms  the  substance  called  red-lead;  with  nitrogenj  in 
one  proportion,  it  forms  atmospheric  air,  in  another  propor- 
tion, the  nitrous  oxide,  or  what  is  called  the  laughing  gas,  in 
a  third,  the  acid  called  etquafortis;  with  sulphur,  it  forms  th^ 
sulphuric  add  or  oil  of  vitriol;  with  iron,  and  all  metab,  it 
forms  their  ores  called  oxides ;  and  so  forth.  But  the  most  im- 
portant character  in  which  we  know  it,  is  as  that  ingredient  of 
our  atmosphere,  without  which  animals  and  vegetables  cannot 
live,  and  fire  cannot  burn.  Oxygen,  from  this  part  of  ifts  histo- 
ry, was  long  named  vital  or  pure  air, 

Pttfe  oxygen  in  the  state  of  air  is  a  Utile  heavier  than  common 
air;  but  when  holding  a  quantity  of  chM*coal  in  solution,  it  fornm 
aeriform  carbonic  acid,  which  is  nearly  tivice  as  heavy  as  com- 
mon air,  and  may  be  poured  out  of  one  vessel  into  another  like 
water.  Carbonic  acid  is  what  issues  from  soda-water,  brisk  ale, 
champaign,  &c,  while  they  sparkle.  If  drawn  into  the  lungs 
m  bfoathingt  it  is  &tal  to  life.     A  charcoal  fire  left  in  a  close 
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room  with  sleeping  persons,  has  often  been  fatal  to  them,  be- 
cause carbonic  acid  gas  is  the  product  of  the  combustion.  The 
famous  Crroito  del  Canty  in  Italy,  is  a  cavern  always  full  of 
carbonic  acid  which  springs  into  it  from  below,  as  water  spring? 
into  a  well,  and  runs  over  like  water  from  a  well.  The  grot- 
to received  its  name  from  the  circumstance  of  dogs  dying  in- 
stantly when  thrown  into  it  Carbonic  acid  rising  in  fermenta- 
tion has  often  proved  fatal  to  persons  leaning  over  the  edge  of 
fermenting  vats.  It  is  common  to  see  a  rat  die  instantly,  in 
the  attempt  to  run  along  a  plank  lying  across  the  mouth  of  a 
fermenting  tub. 

Hydrogen^  the  other  ingredient  of  water,  and  so  called  from 
its  relation  to  watevy  when  in  the  state  of  air,  is  nearly  fifteen 
times  lighter  than  oxygen.  With  it  balloons  are  filled.  When 
it  holds  in  solution  a  certain  quantity  of  carbon  or  charcoal,  it 
becomes  the  common  ^s  used  for  illumination,  and  is  the  fire- 
damp of  mines,  of  which  the  burning  and  explosion  are  so  ter- 
rible. It  forms  one-ninth  of  the  ocean,  and  much  of  animal 
and  vegetable  bodies;  and  probably  a  little  of  it  floats  separate- 
ly in  tlie  higher  regions  of  the  atmosphere. 

Nitrogeuy  so  called  from  its  relation  to  nitric  acid^  is  the 
third  and  last  substance  which  we  shall  mention.  It  is  what 
remains  of  the  atmosphere  when  the  oxygen  is  removed.  It 
forms  about  three-fourths  of  the  atmosphere,  one-fourth  of  ani- 
mal flesh,  and  is  found  in  small  quantities  in  other  combinations. 
It  will  not  support  life  by  itself,  and  therefore  formerly  was  cal- 
led azote:  with  a  larger  proportion  of  oxygen  it  forms  nitric 
acidy  or  the  aquafortis  of  old. 

The  last  few  paragraphs  may  serve  to  show  how  many  of  the 
manipulations  of  chemistry  are  directed  by  the  principles  of 
physics  or  mechanical  philosophy,  and  therefore  how  essential 
to  the  chemist  the  preliminary  study  of  physics  becomes. 
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PART    III. 

THB  DOCTRXHB  OP  TI.im)S. 


SECTION  in— HYDRAULICS-PHENOMENA  OF  FLUIDS  IN  Ma 

TION. 


AarAz*T«n  of  the  BBcnrioxr. 

Whether  the  particUi  qf  matter  exist  m  the  farm  of  $olid  or  fluid,  the  eircum' 
stance  does  not  affect  their  properties  of  iiwrtia  and  oravitt.  Hence  KqiHds 
and  airs,  in  proportion  to  their  quantity ,  resist,  reeeifve,  and  impart  motion, 
andhaoeweight  and  friction,  as  is  true  of  soHds.  Thisisseeninthephenom' 
enaof 

1.  Fluids  monng  in  pipes  and  channels,  or  issuing  Jrom  them. 

a.  Wooes. 

3.  Fluids  resisting  the  motion  of  bodies  immersed  in  them;  or  themselves  moving 
against  other  bodies. 

t.  Fluids  lifted  or  moved  in  opposition  to  gravity. 


"  Fluids  moving  in  channels  or  issuing  from  them.^^ 

Watsr  in  a  tube  connected  with  a  reaeryoir,  will  rise  to  the 
level  of  the  liquid  surface  in  the  reservoir.  If  such  a  tube  be 
then  cut  off,  except  a  small  part  at  the  bottom,  prepared  as  a 
jet  pipe,  the  water  will  spout  from  this  still  to  the  same  height 
JNow,  as  a  body  shot  upwards  has  the  same  velocity  in  depart* 
ing,  which  it  again  acquires  by  falling  to  the  same  place  (with 
a  little  correction  for  the  resistance  of  the  air,  as  explained  at 
page  104,)  it  follows,  that  fluid  issues  from  any  orifice  with  as 
much  velocity  as  a  body  would  acquire  in  falling  from  the  level 
of  the  fluid  surface  in  the  reservoir  to  the  orifice.  By  referring 
then  to  the  law  of  falling  bodies,  as  explained  at  page  102,  we 
may  learn  the  velocity  of  the  issue  of  water  in  any  case,  and 
therefore  the  quantity  delivered  by  an  opening  of  a  given  mag- 
nitude. As  a  body  by  gravity  falls  sixteen  feet  in  the  first  se- 
cond, with  speed  gradually  increasing,  and  at  the  end  of  the  se- 
cond has  a  velocity  of  thirty-two  feet  per  second;  therefore  a. 
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reservoir  with  an  opening  of  an  inch  square  at  sixteen  feet  below 
the  water's  surface,  will  deliver  in  one  second  of  time,  with  a 
certain  deduction  for  friction,  thirty-two  feet  of  a  jet  of  water 
of  a  inch  square;  and  according  to  the  same  rule,  an  opening  at 
four  times  the  depth,  should  deliver  a  double  quantity;  at  nine 
times  the  depth,  a  triple  quantity;  and  so  on;  as  really  happens. 
An  inquirer  is  at  first  surprised  that  the  quantity  should  not  be 
quadruple,  where  the  height  of  column  or  pressure  forcing  it  out 
is  quadruple;  but  on  reflection,  he  may  perceive  that  the  water 
by  running  away  more  quickly  from  a  pressure,  is  less  aflected 
by  it;  and  when  only  twice  as  much  water  is  forced  out,  there 
is  still  four  times  as  much  work  done,  because  each  particle  is- 
sues with  twice  the  force  or  velocity.  Because  a  body  shot 
upward  with  a  double  velocity  gains  a  quadruple  height  (see 
page  105,)  the  jet  issuing  with  only  double  velocity  from  four 
times  the  depth,  still  reaches  the  level  of  the  surface  of  the  re* 
servoir. 

The  knowledge  of  this  rule  for  discharging  orifices  is  of  the 
greatest  importance  in  the  construction  of  water-works,  because 
when  joined  with  another  rule  assigning  the  efiect  of  friction 
in  pipes,  it  ascertains  the  quantity  of  water  which  a  conduit  of 
any  certain  magnitude,  and  elevation  will  deliver. 

It  is  a  curious  fact,  that  more  water  issues  from  a  vessel 
through  a  short  pipe,  then  through  a  simple  aperture  of  the 
same  diameter  with  the  pipe;  and  still  more  issues  if  the  pipe 
be  funnel-shaped,  or  wider  towards  its  inner  extremity.  The 
reason  is,  that  the  issuing  particles  coming  from  all  sides  to 
escape,  cross  and  impede  each  other  in  rushing  through  a  simple 
opening,  as  is  proved  by  the  narrow  neck  which  the  jet  exhibits 
a  little  beyond  the  opening;  but  in  a  tube;  this  narrowing  of  the 
jet  cannot  happen  without  leaving  a  vacuum  around  the  part,  and 
the  pressure  of  the  atmosphere,  resisting  the  vacuum,  causes  a 
quicker  flow.  The  funnel-shape  again  leads  the  water  by  a 
lAore  gradual  inclination  to  the  point  of  exit,  and  thus  considera- 
bly prevents  the  crossing  among  the  particles;  while  its  mouth 
surrounds  the  narrow  neck  of  the  jet 

The  friction  or  resistance  which  fluids  suffer  in  passing  along 
pipes  is  much  greater  than  might  be  expected.     It  depends 


chiefly  upon  the  particles  near  the  outside  being  conatantly 
driven  from  their  true  course  by  the  irregularities  in  the  surface 
of  the  pipe.  An  inch  tube  of  two  hundred  feet  in  length, 
placed  horizontally,  is  found  to  discharge  only  a  fourth  part  of 
the  water  which  escapes  by  a  simple  aperture:  and  air  passing 
along  tubes,  is  so  much  retarded  (as  was  discovered  to  his  cost, 
by  a  person  who  erected  a  great  bellows  at  a  water-fall,  to  blow 
a  furnace  two  miles  off,)  that  when  gas-lights  were  first  proposed, 
some  engineers  feared  that  the  circumstance  would  be  fatal  to 
the  enterprise. 

Higher  temperature  in  a  liquid  increases  remarkably  the  quan- 
tity discharged  by  an  orifice  or  pipe,  by  diminishing  that  cohesion 
of  the  particles  which  exists  in  certain  degrees  in  all  liquids, 
and  effects  so  much  their  internal  movements. 

The  flux  of  water  through  orifices  under  uniform  circumstan- 
ees  is  so  steady,  that  before  the  invention  of  clocks  and  watches, 
it  was  employed  as  a  means  of  dividing  time.  The  vessels  were 
called  ckpsydrsB,  The  common  hour-glass  of  running  sand  is 
another  modification  of  the  same  principle. 

The  progress  of  water  in  an  open  conduit,  such  as  the  chan- 
nel of  a  river  or  aqueduct,  is  influenced  by  friction  in  the  same 
manner.  But  for  this,  and  the  effect  of  bending,  a  river  like 
the  Rhone,  drawing  its  waters  from  an  elevation  of  1,000  feet 
above  the  level  of  the  ocean,  would  pour  them  out,  with  the 
velocity  of  water  issuing  from  the  bottom  of  a  reservoir  1,000 
feet  deep;  that  is  to  say,  at  the  rate  of  about  170  miles  per  hour. 
The  ordinary  flow  of  rivers  is  about  three  miles  per  hour,  and 
their  channels  slope  three  or^four  inches  per  mile. 

The  velocity  of  a  water  current  is  easily  ascertained  by  im- 
mersing in  it  the  end  b  of  such  a  tube  as  here  represented,  with 
its  funnel-shaped  mouth  turned  towards  the  stream. 
'^H  The  water  in  the  tube  will  stand  above  the  surface 

of  the  stream,  marking  a  velocity  of  current  the 
same  as  of  an  issue  from  a  reservoir,  in  which 
water  stood  at  a  like  elevation  above  the  orifice,  as 

..     ^.       explained   in  page  372.     A  similar  contrivance 

^Lljjlb    may  be  made  to  measure  the  velocity  of  the  wind, 
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by  having  the  shoulder  of  the  tube  at  c  bent  further  down  and 
filled  with  water. — A  common  mode  of  telling  the  velocity  of 
an  open  stream,  is  to  observe  with  a  stop-watch  the  progress  of  a 
body  floating  in  it{  and  knowing  the  velocity  of  the  water,  and 
the  depth  and  width  of  the  channel,  the  quantity  delivered  in 
a  given  time  becomes  a  matter  of  simple  calculation.  The 
speed  of  the  wind  may  be  ascertained  by  measuring  that  of  the 
shadow  of  a  cloud  passing  across  a  field  of  known  dimensions. 

The  friction  of  water  moving  in  water  is  such  that  a  small 
stream  directed  through  a  pool,  and  rapid  enough  to  rise  ov^ 
the  opposite  bank,  will  soon  empty  the  pool.  Extensive  fens 
have  been  drained  on  this  principle.  The  friction  between  air 
and  water  is  also  singularly  strong,  as  is  proved  on  a  great  acde 
by  the  magnitude  of  the  ocean-waves,  which  are  consequences 
of  it;  and  on  a  small  scale  by  the  amusing  experiment  of  mak- 
ing a  light  round  body  dance  or  play  upon  the  summit  of  a 
water-jet, — a  chief  cause  of  its  remaining  there  being,  that  the 
current  of  air  rising  around  the  jet  by  reason  of  the  friction^ 
presses  it  inwards  again,  whenever  it  inclines  to  fall  over.  A 
little  oil  thrown  upon  the  surface  of  water  soon  spreads  as  a  thin 
film  all  over  it,  and  defen^Js  it  from  the  farther  contact  and  fric-. 
tion  of  air.  If  this  can  be  done  at  the  windward  side  of  a  pond 
where  the  waves  begin,  the  whole  surface  soon  becomes  as 
smooth  as  glass;  and  even  out  at  sea,  where  the  commencement 
of  the  waves  cannot  be  reached,  oil  thrown  upon  them  smooths 
their  surface,  and  prevents  their  curling  over  or  breaking.  It 
is  said  that  boats  having  to  reach  the  shore  through  a  raging  surf 
have  been  preserved  by  the  crews  first  spilling  a  cask  of  oil  in 
the  ofiing. 

The  most  magnificent  examples  that  ever  existed,  or  probably 
ever  will  exist,  of  artificial  water-courses,  were  the  aqueducts 
of  ancient  Rome,  about  twenty  in  number.  Several  of  them 
exceeded  forty  miles  in  length,  passing  through  mountains^ 
in  their  way,  and  borne  on  tiers  of  splendid  arches  across  the 
valleys.  They  were  constructed  of  such  durable  materials,  and 
so  skilfully,  that  the  principal  of  them  are  perfect  to  this  day. 
Considered  as  one  otyect^  they  rank^  in  point  ot  magnitude,  be* 


WAVES.  375 

fore  any  other  work  of  human  labour,  not  excepting  the  P3rra* 
mids  of  Egypt 

While  the  aqueducts  are  cited  as  specimens  of  grandeur,  we 
may  mention  the  fountains  in  the  gardens  of  Italy  and  France 
as  specimens  of  beauty.  Those  at  Versailles  are  well  known. 
In  them  the  most  magical  effects  are  produced  by  varying  the 
ways  in  which  water  is  made  to  spout  from  orifices.  In  one 
place  it  is  seen  darting  into  the  air  as  a  straight  upright  pillar: 
in  others  many  such  pillars  rise  together,  like  giant  stalks  of 
corn:  sometimes,  an  inclinations  given  to  the  jets,  makes  them 
bend  so  as  to  form  beautiful  acrches,  of  which  some  appear  as 
the  roofs  of  apartments  built  of  water;  while  others  mingle  to- 
gether with  endless  variety:  here  and  there  water-throwing 
wheels  send  out  spiral  streams,  and  hollow  spheres  with  a  thou- 
sand openings,  are  the  centres  of  immense  bushes  or  trees  of 
silvery  boughs.  Such  effects,  amidst  cascades,  smooth  lakes, 
and  scenes  of  lovely  landscape,  constitute  a  whole  as  enchanting, 
perhaps,  as  art  by  moulding  nature  has  ever  produced,  or  even 
as  fancy  has  conceived. 

The  form,  magnitude,  and  velocity  of  waves  are  subjects  ad- 
mitting of  deep  mathematical  research;  and  are  rendered  the 
more  interesting,  because  certain  phenomena  of  sound  and 
light  are  of  kindred  nature.  Here,  however,  they  must  be 
treated  with  all  possible  brevity. 

A  stone  thrown  into  a  smooth  pond,  causes  a  succession  of 
circular  waves  to  spread  from  the  spot  where  it  falls  as  a  com- 
mon centre.  They  become  of  less  elevation  as  they  expand, 
and  each  new  one  is  less  raised  than  the  preceding,  so  that  gra- 
dually the  liquid  mirror  is  again  as  perfect  as  before.  Several 
0tones  falling  at  the  same  time  in  different  places,  cause  crossing 
circles,  which,  however,  do  not  disturb  the  progress  of  each 
otiher,-— ft  phenomenon  seen  in  beautiful  miniature  at  each  leap 
of  the  little  insects  which  cover  the  surface  of  our  ponds  in 
the  calm  hours  of  summer. — ^The  rationale  of  the  formation  of 
wavee  in  sueh  eases  id  as  follows.    l!^en  the  stone  £dls  into 
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the  witer,  because  the  liquid  10  u)eoaipremUe»  a  part  of  it  is 
displaced  laterally,  and  becomes  an  elevation  or  circular  wave 
arouod  the  stone.  This  wave  then  falk  downwards  and  out- 
wards in  obedience  to  the  lawa  of  fluidity,  and  the  circle  is  aeeo 
to  spread.  In  the  mean  time,  where  the  stone  deacended,  a  hol- 
low is  left  for  a  laoment  in  the  water,  but  owijig  to  the  sur- 
rounding pressures,  is  soon  filled  up,  by  a  sudden  rush  frott  be- 
low. The  rising  water  does  iM»t  stop  however  at  the  exact 
level  of  that  around,  but  like  a  peodulum  sweeping  past  the 
centre  of  its  arc,  it  rises  as  £ar  above  the  level  as  tiste  depresaioo 
was  deep.  This  oentral  elevation  now  acts  as  the  stone  did 
originally,  and  causes  a  second  wave,  which  pursues  the  first; 
and  when  the  centre  subsides,  like  the  peodnium  still,  it  sinks 
ugnxx  as  much  below  the  level  as  it  bad  mounted  above:  hence 
it  has  to  rise  again,  again  to  fall,  and  this  for  many  times,  send- 
.iog  Ibrth  a  new  wave  at  each  alternation.  Owing  to  the  fm- 
lion  among  tlie  particles  of  the  water,  eai^  new  wave  is  leas 
raised  than  the  preceding,  and  at  last  the  appearance  dies  away. 

A  wave  passing  through  any  gap  or  opeuing,  spreads  from  it 
as  a  new  centre;  and  a  wave  coming  against  a  perpendicular  sur- 
face of  wall  or  rock,  is  completely  reflected  from  it,  and  ac- 
quires the  appearance  of  coming  from  a  point  as  far  beyond  the 
wall,  as  its  real  origin  or  centre  is  distant  on  the  side  where  it 
is  moving. 

So  absolutely  level  is  a  liquid  surface,  and  so  sensitive,  that 
the  efiect  of  any  disturbing  cause  is  perceived  at  great  distances.  . 
A  boat  rowed  across  a  still  lake,  ruffles  its  surface  to  a  graat.ex- 
tent;  and  although  the  widening  waves  become  at  last  so  taint 
as  not  to  be  perceptible  to  the  eye,  they  still  produce  a  rippling 
noise  where  they  fall  among  the  pebbles  on  the  shore.  In  saw 
iiable  to  sudden  but  partial  huiricanen,  the  loar  of  breakers  tm 
distant  coasts  often  telb  of  the  stonn  which  does  not  otberwue 
reach  them.  The  author  once,  in  the  eastern  ocean,  had  an  op- 
portunity of  eontemplating  waves  of  extraordinary  magniliide 
rolling  along  during  a  gloomy  calm,  and  therofofe 'With  unbro- 
ken suriaoe,  appearing  like  hiHows  of  molten  4ead.  It  was  af- 
terwards ascectaioed  tl^tat  that^wy  tim^  i^>a»UhsiidjiP4swl»s 
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Co  the  north*east,  four  of  the  finest  ships  of  the  India  Company 
wn«  perishing  in  a  storm. — In  the  polar  seas,  which  are  eom* 
paratively  tranquil,  because  defended  from  the  wind  by  sur- 
rounding islands  of  ice,  a  few  sudden  waves  are  occasionally  ob- 
served, and  quickly  all  is  calm  again.  Such  a  phenomenon  an- 
nounces that  the  occurrence  described  at  page  278  has  happened 
somewhere,  of  an  island  of  ice  turning  over,  when  the  place  of 
its  centre  of  gravity  is  changed  by  partial  melting. 

The  common  cause  of  waves  is  the  friction  of  the  wind  upon 
the  surface  of  the  water.  Little  ridges  or  elevations  first  ap- 
pear, which  by  continuance  of  the  force,  gradually  increase^ 
ontil  they  become  the  rolling  mountains  seen  where  the  winds 
sweep  over  a  great  extent  of  water.  The  heaving  of  the  bay 
of  Biscay,  or  still  more  remarkably,  that  of  the  open  ocean  be- 
yond the  southern  capes  of  America  and  Africa,  exhibits  one 
extreme,  and  the  stillness  of  the  tropical  seas,  which  are 
sheltered  by  near  encircling  lands,  exhibits  the  other.  In  the 
Tast  archipelago  of  the  east,  where  Borneo,  and  Java,  and  Su« 
matra  lie,  and  the  Molucca  islands  and  the  Phillipines,  the  sea 
is  often  fanned  only  by  the  land  and  sea  breezes,  and  is  like  a 
smooth  bed,  on  which  these  islands  seem  to  sleep  in  bliss — isl- 
ands in  which  the  spice  and  perfume  gardens  of  the  world  are 
embowered,  and  where  the  bird  of  paradise  has  its  home,  and 
the  golden  pheasant,  and  a  hundred  others  of  brilliant  plumage, 
among  thickets  so  luxuriant,  and  scenery  so  picturesque,  that 
European  strangers  find  there  the  fairy  land  of  their  youthful 
dreams. ^-One  who  has  seen  these  islands  in  the  morning  of  his 
days,  may  be  pardoned  for  alluding  to  the  pleasure  they  gave. 

In  rounding  the  Cape  of  Good  Hope,  waves  are  met  with,  or 
rather  a  swell,  so  vast,  that  a  feiv  ridges  and  a  few  depressions 
occupy  the  extent  of  a  mile.  But  these  are  not  so  dangerous  to 
ships  as  a  shorter  sea,  as  it  is  termed,  with  more  perpendicular 
waves.  The  slope  in  the  former  is  so  gentle,  that  the  rising 
and  falling  are  scarcely  felt;  while  the  latter,  by  the  sudden  tos^ 
log  of  the  vessel,  isoften  destructive.  When  a  ship  is  sailing  be- 
ibre  the  wind,  and  riding  over  the  long  stoelly  she  advances  as  if 
by  haps:  for  while  each  wave  passes,  she  is  first  descending  head* 
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long  on  itB  front,  acquiring  a  velocity  so  wild  that  she  can 
scarcely  be  steered ;  and  soon  after  when  the  ware  has  glided  un^ 
der  her,  she  is  climbing  on  its  back,  and  her  motion  is  tlacken- 
ed  almost  to  rest,  before  the  following  wave  arrives. 

The  velocity  of  waves  has  relation  to  their  magnitude.  The 
large  waves  just  spoken  of,  proceed  at  the  rate  of  from  thirty  to 
forty  miles  an  hour, — It  is  a  vulgar  belief^  that  the  water,  it- 
self advances  with  the  speed  of  the  wave,  but  in  fact  the  form 
only  advances,  while  the  aubstanct,  except  a  little  spray  above 
remains  rising  and  falling  in  the  same  place,  with  the  regulari* 
ty  of  a  pendulum.  A  wave  of  water,  in  this  respect,  is  exact- 
ly imitated  by  the  wave  running  along  a  stretched  rope  when 
one  end  is  shaken;  or  by  the  mimic  waves  of  our  theatres, 
which  are  generally  undulations  of  long  pieces  of  carpet,  moved 
by  attendants.  But  when  a  wave  reaches  a  shallow  hank  or 
beach,  the  water  becomes  really  progressive,  because  then,  as 
it  cannot  sink  directly  downwards,  it  falls  over  and  forwards, 
^  seeking  the  level. 

So  awful  is  the  spectacle  of  a  storm  at  sea,  that  it  is  general^ 
ly  viewed  through  a  medium  which  biases  the  judgment;  and, 
lofty  as  waves  really  are,  imagination  pictures  them  loftier 
still.  Now  no  wave  rises  more  than  ten  feet  above  the  ordina- 
ry sea-level,  which,  with  the  ten  feet  that  its  surface  afterwards 
descends  below  this,  give  twenty  feet  for' the  whole  height, 
from  the  bottom  of  any  water-valley  to  an  adjoining  summit. 
This  proposition  is  easily  verified  by  a  person  who  tries  at  what 
height,  on  a  ship's  mast  the  horizon  remains  always  in  sight 
over  the  top  of  the  waves — allowance  being  made  for  acciden- 
tal inclinations  of  the  vessel,  and  for  her  sinking  in  the  water  to 
much  below  her  water-line,  at  the  time  when  she  reaches  the 
bottom  of  the  hollow  between  two  waves.  The  spray  of  the 
sea,  driven  along  by  the  violence  of  the  wind,  is  of  course  much 
higher  than  the  summit  of  the  liquid  wave;  and  a  wave  comiiig 
against  an  obstacle,  may  dash  to  a  great  elevation  above  it  At 
the  Eddystone  light-house,  when  a  surge  breaks  which  has  been 
growing  under  a  storm  all  the  way  across  the  Atlantic,  it  dashes 
even  over  the  lantern  at  the  summit. 


WAVJBS.  379 

The  mtgnitude  of  wares  is  well  judged  of  wheo  they  are 
eeeo  breaking  on  an  extended  shore  or  beach.  In  the  deep  sea 
the  wave  is  only  an  elevation  of  the  water,  sloping  on  either 
aide;  but  as  it  rolls  towards  the  shore,  it  becomes  in  front  more 
and  more  perpendicular,  until  at  last  it  curls  over  and  falls  with 
its  whole  weight,  and  when  several  miles  of  it  break  at  the  same 
instant;  its  force  and  noise  may  shake  the  country  around. 

On  the  east,  or  Coromandel  coast  of  India,  at  certain  seasons, 
vast  waves  are  constantly  breaking;  and  as  there  are  no  good 
harbours  there,  communication  between  the  sea  and  land  is  ren- 
dered impossible  to  ordinary  boats.  The  natives  of  the  coast, 
at  Madras,  for  instance,  have  hence  become  almost  amphibious. 
They  reach  ships  beyond  the  breakers  by  the  help  of  what  are 
called  catamarans,  consisting  of  three  small  logs  of  wood  tied 
together.  On  these  they  secure  themselves,  and  boldly  advance 
up  to  the  coming  wall  of  water,  which  they  shoot  into,  and  rise 
to  the  smooth  surface  beyond  it,  like  water-fowls  after  diving. 
Boats  unsuited  to  the  breakers  often-  perish  in  them.  The  author 
had  gone  on  shore  with  a  watering  party  on  the  coast  of  Sumatra^ 
and  during  the  hours  spent  there,  a  swell  had  arisen  in  the  sea, 
which  on  their  return  was  already  bursting  along  the  beach  and 
across  the  river's  mouth  in  lofty  breakers.  The  boat  in  which 
he  happened  to  be,  regained  the  ship  in  safety,  but  a  larger 
boat  which  followed  at  a  short  distance  was  overwhelmed,  and 
an  officer  and  part  of  the  crew  perished. 

There  is  a  phenomenon  observed  at  the  mouths  of  many  great 
riybrs,  called  the  Boar^  which  has  resemblance  to  a  wave. 
When  the  tide  returning  from  the  sea  meets  the  outward  cur- 
rent of  the  river,  and  both  have  the  force  which  in  certain 
aituations  belongs  to  them,  the  stronger  mass  from  the  ocean 
assumes  the  form  of  an  almost  perpendicular  wall,  moving  inland 
with  resistless  sweep.  This  is  called  the  boar.  It  is  in  fact 
the  great  sea-wave  of  the  tide,  which  is  produced  twice  a  day 
by  the  attraction  of  the  moon,  rolling  in  upon  the  land  and  inlets. 
In  the  different  branches  of  the  Ganges  the  boar  is  seen  in  a  re- 
markable degree.  Smaller  boats  and  skiffs  cannot  live  where 
it  comes;  and  as  it  passes  the  city  of  Calcutta,  even  the  large 
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thvps  at  anishor  there  are  thrown  into  great  commotion,  and 
aometimea  are  torn  from  their  moorings. — The  nature  and  effects 
of  this  boar  are  strikingly  illustrated  upon  certain  coasts  where 
extensive  tracts  of  sand  are  left  uncovered  at  low  water.  In 
such  situations,  of  which  there  are  many  on  the  western  shores 
of  Britain,  the  returning  tide  is  seen  advancing  with  steep  front, 
and  with  such  rapidity,  that  the  speed  of  a  galloping  horse  can 
scarcely  save  a  person  who  has  incautiously  approached  too  near. 
Many,  erery  year,  are  the  victims  of  temerity  or  ignorance  on 
these  treacherous  plains. 

It  has  been  proposed  lately  to  construct  submarine  boatSf 
or  vessels  calculated  to  swim  so  deep  in  the  water  as  to  be  below 
the  superficial  motion  of  the  waves,  and  therefore  beyond  the 
influence  of  storms  at  the  surface.  Such  a  boat  has  been  tried 
with  considerable  success;  and  men's  increasing  familiarity  with 
submarine  matters  since  the  invention  of  the  diving>bell,  may 
ultimately  lead  to  improvements  rendering  the  submarine  vessel 
so  commodious  and  safe,  that  those  persons  who  dislike  the 
sickening  motion  of  the  surface,  may  have  it  in  their  option  to 
sail  underneath. 

<<  Fluids  resisting  the  motion  of  bodies  immersed  in  them, 
or  them^lves  moving  forcibly  against  other  bodies.'^ 
{Su  the  analysis^  page  371.) 

The  same  force  is  required  to  give,  or  to  take  away,  or  to  bend 
motion,  in  a  fluid,  as  in  an  equal  quantity  of  solid  matter.  A 
pound  of  water  enclosed  in  a  bladder,  is  not  more  easily  throVn 
to  a  given  height  than  a  pound  of  ice,  or  of  lead;  nor,  if  ialling 
into  the  scale  of  a  weighing-beam,  does  it  require  less  as  a  coun* 
terpoise;  nor  if  made  to  revolve  at  the  end  of  a  sling,  does  it 
render  the  cord  less  tight. 

Many  persons  looking  carelessly  at  this  subject,  would  expect, 
that  if  a  body  moving  through  a  fluid  at  a  given  rate  meets  a 
given  resistance,  it  should  just  meet  double  resistance  when 
moving  twice  as  fast.  Now  the  resistance  is  four  times  greater 
with  a  double  rate. 

This  fact,  when  more  closely  examined^  is  easily  understood* 
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A  boat  which  moTos  one  mile  per  hour,  displmiea  a  certain 
qoantitj  of  water,  and  with  a  certain  Telocity;— 4f  it  more 
twice  aa  faat,  it  of  course  diaplacea  twice  as  many  particles  in 
the  same  time,  and  requires  to  be  moved  by  twice  the  force  on 
that  account;  but  it  also  displaces  every  particle  with  a  double 
velocity,  and  requires  another  doubling  of  the  power  on  this 
account:  the  power  than  being  doubled  on  two  accounts,  becomes 
a  power  of  four.  In  the  same  manner  with  a  speed  of  three, 
three  times  as  many  particles  are  moved,  and  each  particle  with 
three  times  the  velocity;  therefore  a  force  of  nine  is  wanted 
to  overcome  the  resistance;  for  a  speed  of  four,  a  pow«*  of  six- 
teen is  wanted;  for  a  speed  of  five,  a  power  of  twenty-five;  and 
ao  forth;  the  corresponding  numbers,  up  to  a  speed  of  ten,  being 
as  here  shown. 

Speed  1  23456789  10 

Corresponding  resistance  1  4  9  16  25  36  49  64  81  100 

Thus,  even  if  the  resistance  at  the  bow  of  a  vessel  were  all  that 
had  to  be  considered,  the  force  of  one  hundred  horses  would 
ouly  drag  the  vessel  ten  times  as  fast  as  the  force  of  one  horse, 
the  relation  being  that  which  mathematicians  express  by  saying 
itiat  the  retistance  increcMs  as  the  square  qf  the  speed* 
But  there  is  another  important  element  in  the  calculation,  viz* 
the  lessening  of  the  usual  water-pressure  on  the  stern  of  the 
vessel  as  she  moves  forward,  on  account  of  which,  the  force 
required  to  produce  an  increased  velocity  is  still  considerably 
greater  than  as  noted  in  the  table. 

There  is  not  a  more  important  truth  in  physics  than  that  here 
treated  of;  it  explains  so  many  phenomena  of  nature,  and  be^ 
comes  a  guide  in  so  many  matters  of  art.  We  shall  now  set 
forth  some  interesting  examples  chosen  indifferently  from  the 
two  classes  mentioned. 

It  explains  at  what  a  heavy  expense  of  coal  high  velocities  are 
obtained  in  steam-boats.  If  an  engine  of  49  or  50  horse  power 
would  drive  a  boat  7  miles  an  hour,  two  engines  of  50,  or  one 
of  100,  would  be  required  to  driye  it  10  mito,  and  three  such  to 
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drive  it  19  miles;— supposing  the  resiftance  9t  the  bow,  ss  al- 
ready stated,  to  be  the  measure  of  the  whole  work  done^  whidi 
it  is  not,  and  that  engines  work  to  the  same  advantage  with  a 
high  velocity  as  with  a  low,  which  they  do  not — For  the  same 
reasons,  if  all  the  coal  which  a  ship  could  conveniently  carry 
were  just  sufficient  to  drive  her  1,000  miles,  at  the  rate  of  12 
miles  per  hour,  it  would  drive  her  much  more  than  3,000  at  a 
rate  of  7  miles  per  hour;  and  much  more  than  6,000  at  a  rate  of 
5  miles  per  hour.  This  is  a  very  important  consideration,  for 
persons  concerned  in  steam  navigation  to  distant  parts. 

The  same  laws  shows  the  folly  of  putting  very  large  sails  on 
a  ship;  the  trifling  advantage  in  point  of  speed  by  no  means 
compensating  for  the  additional  expense  of  making  and  working 
the  sails,  and  the  risk  of  accidents  in  bad  weather.  The  ships 
of  the  prudent  Chinese  have  not,  for  the  same  tonnage,  oae»third 
so  much  sail  as  those  of  Europe,  and  yet  they  move  but  a  little 
slower  on  that  account  A  European  ship  under  jury-masts  does 
not  lose  so  much  of  her  usual  speed  as  most  people  would  ex- 
pect 

This  law  explains  also  why  a  ship  glides  through  the  water 
one  or  two  miles  an  hour  when  there  is  very  little  wind,  although 
with  a  strong  breeze  she  would  only  sail  at  the  rate  of  eight  or 
ten  miles.  Less  than  the  100th  part  of  that  force  of  wind  which 
drives  her  ten  miles  an  hour  will  drive  her  one  mile  per  hour, 
and  less  than  the  400th  part  will  drive  her  half  a  mile.  Thus 
also,  during  a  calm,  a  few  men  pulling  in  a  boat  can  move  a 
large  ship  at  a  sensible  rate. 

These  considerations  show  strikingly  of  what  importance  to 
navigation  it  might  be  to  have,  as  a  part  of  a  ship's  ordinary 
equipment,  one  or  two  water-wheels,  to  be  affixed  upon  the 
ship's  side  when  required,  like  the  paddle-wheels  of  a  steam-boat, 
and  by  turning  which  the  crew  might  easily  deliver  themselves 
from  the.  tedium,  and  often  disastrous  consequences  of  a  long 
calm  at  sea. — ^This  idea  occurred  to  the  author  while  in  a  ship 
completely  becalmed  for  weeks  on  the  Line;  during  which  naost 
wearisome  period,  the  breezes  were  often  seen  roughening  the 
water  a  mile  or  two  farther  on;  and  any  means  that  ^ould  have 
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enabled  the  ship's  company  to  advance  her  that  little  distance, 
might  have  saved  the  delay.  The  wheels  might  be  driven  by 
connexion  with  the  capstaoy  which  under  such  circumstances, 
the  crew  would  most  willingly  turn  to  escape  from  their  inac- 
tivity. Delay  in  a  large  vessel  with  troops  on  board  often  costs 
hundreds  of  pounds  per  day,  and  may  retard  the  execution  of 
important  projects. — But  the  propelling  of  the  ship  in  a  calm 
seems  by  no  means  the  most  important  purpose  which  suck 
wheels  might  serve.  If  from  disease,  fatigue,  or  other  cause, 
the  crew  were  inadequate  to  existing  necessities,  two  wheels 
affixed  to  the  extremities  of  an  axis  running  across  the  ship  might 
be  equivalent  in  many  cases  to  additional  hands,  or  to  a  steam- 
engine  of  great  power;  for  when  acted  upon  by  the  water  as  the 
ship  sailed,  they  would  turn  with  the  force  of  water-wheels  on 
shore,  and  might  be  made  to  move  the  pumps,  to  hoist  the  sails, 
and  to  do  any  work  which  a  steam-engine  could  perform. 
Many  a  gallant  vessel  has  perished  because  the  exhausted  crew 
could  no  longer  labour  at  the  pumps,  and  in  cases  where  such 
water-wheels  or  a  wind  mill-wheel  in  the  rigging  would  have 
performed  the  duty  most  perfectly. 

The  law  that  resistance  to  a  body  moving  in  a  fluid  increases  in 
a  greater  proportion  than  the  speed  of  the  body,  applies 
where  the  fluid  is  aeriform,  as  well  as  where  it  is  liquid. 

A  bullet  shot  through  the  air  with  a  double  velocity,  for  the 
reason  assigned  above,  experiences  four  times  as  much  resis- 
tance in  front  as  with  a  single  velocity:  the  motion  is  retarded 
also  by  the  diminution  of  the  usual  atmospheric  pressure  of 
ISlbs-  per  inch  on  the  posterior  surface,  which  diminution  is 
proportioned  to  the  speed.  It  is  further  true,  that  when  the  ve- 
locities of  bodies  moving  in  air  are  very  great,  the  resistance 
increases  in  a  still  quicker  ratio  than  in  liquids, — probably  be- 
cause the  compressibility  of  air  allows  it  to  be  much  condensed 
or  heaped  up  before  the  quick  moving  body.  It  is  useless  to 
discharge  a  cannon  ball  with  a  velocity  exceeding  1,200  feet  in 
a  second,  because  the  powerful  resistance  of  the  air  to  any  ve- 
locity beyond  that,  soon  reduces  it  to  that  at  least 
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The  rale  of  mutufl  action  between  a  aolid  and  fluids  now  ex- 
plained, holds  equally  when  the  fluid  is  in  motion  against 
the  solid,  as  when  the  solid  moves  through  the  fluid. 

If  a  ship  be  anchored  in  a  tide's  way  where  the  current  is 
four  miles  an  hour,  the  strain  on  her  cable  is  not  one  fourth 
part  so  great  as  if  the  current  were  eight  miles. 

A  wind  moving  three  miles  an  hour  is  scarcely  felt:  if  mov- 
ing six  miles  it  is  a  pleasant  breeze;  if  twenty  or  thirty  miles, 
it  is  a  brisk  gale;  if  sixty,  it  is  a  storm;  and  beyond  eighty,  it 
is  a  frightful  hurricane,  tearing  up  trees  and  destroying  every- 
thing. 

Supposing  the  wind  to  move  one  hundred  miles  per  hour» 
there  are  one  hundred  times  as  many  particles  of  matter  striking 
any  body  exposed  to  it,  as  when  it  moves  only  one  mile  per 
hour,  and  each  particle  strikes  moreover  with  one  hundred 
times  the  velocity  or  force:  therefore,  the  whole  increase  of 
force  is  a  hundred  times  a  hundred,  or  ten  thousand.  This  ex- 
plains how  the  soft  invisible  air  may  by  motion  acquire  force 
sufficient  to  unroof  houses,  to  level  oaks  which  have  been 
stretching  their  roots  around  for  a  century,  and  in  some  West- 
India  hurricanes,  absolutely  to  brush  every  projecting  thing 
irom  the  surface  of  the  earth. 

The  law  of  rapidly  increasing  resistance  assigns  a  limit  to  many 
velocities,  both  natural  and  artificial. 

It  limits  the  velocity  of  bodies  falling  through  the  air.  By 
the  law  of  gravity,  a  body  would  fall  with  a  constantly  accele* 
rating  speed,  but  as  the  resistance  of  the  air  increases  still  more 
quickly  than  the  speed,  at  a  certain  point,  this  resistance  and 
gravity  balance  each  other,  and  the  motion  becomes  unifbrai. 

The  parachute^  by  means  of  which  a  person  may  descend  to 
the  earth  with  safety  from  a  balloon  at  any  elevation,  resembles  a 
large  flat  umbrella.  The  aeronaut  attaches  himself  andemeadi 
it,  and  when  it  is  let  loose  from  the  balloon,  he  is  ouppcuted  by 
the  resistance  which  its  broad  expanse  experiences  in  falling 
through  the  air.  After  the  first  second  or  two,  for  the  reason 
stated  above,  it  descends  with  a  uniform  motion;  and  its  bieadtii 
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is  generally  made  such,  as  to  allow  a  velocity  of  about  eleven 
feet  in  a  second,  or  that  which  a  man  acquires  in  jumping  from 
a  chair  two  feet  high. 

No  ship  sails  faster  than  fifleen  miles  in  an  hour. 

No  fish  swims  with  a  velocity  exceeding  twenty  miles  an 
hour;  not  the  dolphin,  when  shooting  a-head  of  our  swiftest  fri- 
gates, nor  the  salmon,  when  darting  forward  with  speed  which 
lifts  him  over  a  waterfall  of  many  feet. 

And  the  flight  of  birds  through  the  thin  air  has  a  limited  ce- 
lerity. The  crow,  when  flying  homewards  against  the  storm, 
cannot  face  the  wind  in  the  open  sky,  but  skims  along  the  sur- 
face of  the  earth  in  the  deep  valleys,  and  wherever  the  swiftness 
of  the  wind  is  retarded  by  terrestrial  obstructions.  The  great 
albatross  can  stem  upon  the  wing  the  current  of  a  gale,  keeping 
company  with  a  driving  ship  where  the  air  is  passing  at  the  rate 
of  a  hundred  miles  an  hour,  but  perhaps  this  is  the  limit  to 
which  winged  speed,  and  therefore  living  speed  may  reach. 
The  bird  called  the  stormy  petrel  abides  chiefly  in  the  midst 
of  the  Atlantic  Ocean,  but  the  irresistible  violence  of  the  wind 
occasionally  sweeps  it  from  the  waves,  and  causes  its  appear- 
ance on  the  western  shores  of  Europe.  Vessels  from  the  high 
sea,  approaching  a  coast  from  which  the  wind  blows,  generally 
become  resting-places  to  exhausted  land  birds,  that  have  been 
driven  ofi*  the  shore  by  wind  which  tliey  had  not  strength  of 
wing  to  stem; — sad  evidences  of  the  myriads  which  are  con- 
stantly perishing  where  no  resting-place  is  found,  and  where  no 
human  eye  notes  their  fate. 

The  action  or  resistance  between  a  meeting  fluid  and  solid,  is 
influenced  by  the  shape  of  the  solid. 

If  a  flat  surface  experience  a  certain  resistance,  a  projecting  sur- 
face like  that  of  a  sphere  or  short  wedge  is  resisted  in  a  less 
degree,  and  a  concave  surface  in  a  greater.  The  explanation 
is,  that  a  flat  or  plane  surface  throws  the  particles  of  fluid  almost 
directly  outwards  from  its  centre  to  its  circumference — the  con- 
vex or  wedge-like  surface  again,  while  displacing  them  just  as 
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far,  still  does  it  more  slowly,  and  therefore  with  less  expeodilore 
of  force,  in  proportion  as  its  point  is  in  advance  of  its  shoulder 
or  broadest  part — and  a  concave  surface  must  give  to  some  of 
the  particles  a  forward  as  well  as  a  lateral  motion.  The  shape 
of  the  hinder  part  of  a  solid  moving  through  a  fluid  is  of  impor- 
tance for  corresponding  reasons. 

The  following  are  instances  of  projecting  or  wedge-like  sur- 
faces, intended  to  diminish  the  resistance. — ^Fishes  are  wedge- 
like both  before  and  behind. — Birds  are  so  also;  and  they  stretch 
out  their  necks  while  flying,  so  as  to  become  like  sharp  points, 
dividing  the  air.  In  the  form  of  the  under  part  of  boats  and 
ships,  men  have  imitated  the  shape  of  fishes.  The  light  wher- 
ries which  shoot  about  upon  the  surface  of  the  Thames,  appear 
the  very  essence  of  all  that  the  imagination  can  picture  of  form 
combining  utility  and  grace.  There  are  boats  used  in  China 
called  snake-boatSj  which  ate  only  a  foot  or  two  broad,  but 
perhaps  a  hundred  feet  in  length,  and  when  moved,  as  they  often 
are,  by  nearly  a  hundred  rowers,  their  swiftness  is  extreme.  The 
problem  of  which  it  is  the  object  to  assign  for  a  ship's  hull  or 
bottom  the  best  possible  form  that  she  may  have  speed  of  sailing, 
is  not  yet  completely  solved;  so  that  a  kind  of  empiricism  pre- 
vails in  the  niatter,  and  very  unexpected  results  often  arise. 
Yet  the  subject  merits  much  attention,  for  in  war  time,  when 
vessels  have  to  chase  and  to  flee,  speed  becomes  of  the  greatest 
importance;  and  at  all  times  the  sailor's  heart  swells  with  de- 
light, when  he  finds  his  well  beloved  vessel  outstripping  com^ 
petitors,  both  because  of  the  many  direct  advantages,  and  of  the 
glory  of  superiority. 

The  following  instances  exhibit  the  mutual  influence  of  meet- 
ing solids  and  fluids,  where  the  surface  of  the  solid  is  plane  or 
concave. — In  a  water-wheel,  whether  the  water  be  moving 
against  the  wheel,  as  is  the  case  where  a  stream  acts  to  drive 
machinery,  or  the  wheel  be  moving  against  the  still  water,  as 
io  the  case  of  the  paddle-wheels  of  a  steam-boat,  the  extended 
iaees  of  the  vanes  or  float-boards  give  or  receive  a  powerful  im- 
pulse.    When  a  wheel  with  float-boards  merely  dips  its  lower 
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part  into  a  atream  of  wafer,  and  is  driven  by  the  momeBtum,  it 
IB  called  an  undershot  wheel;  when  the  water  reaches  the  whee 
near  the  middle  of  its  height,  and  turns  it  by  falling  on  the 
float-boards  of  one  side  as  they  sweep  downwards  in  a  curved 
trough  fitting  them,  the  modification  is  called  a  breast-wheel; 
and  when  the  float-boards  are  shut  in  by  flat  sides,  sf^as  to  be* 
come  the  bottoms  of  a  circle  of  cavities  or  buckets  surrounding 
the  wheel,  into  which  the  water  is  allowed  to  fall  at  the  top  of 
the  wheel,  and  to  act  by  its  weight  instead  of  its  momentum, 
the  modification  is  eaUed  the  overshoi-wheel.  To  have  a  max- 
imum of  efiect  from  wheels  moved  by  the  momentum  of  water, 
they  are  generally  made  to  turn  with  a  velocity  about  one-third 
as  great  as  that  of  the  water:  and  wheels  moved  by  the  simple 
weight  of  water  usually  have  their  circumference  turning  with 
A  velocity  of  about  three  feet  per  second.  The  subject  of  water- 
wheels  is  one  of  the  most  important  in  practical  mechanics;  for 
moving  water  performs  a  great  deal  of  labour  for  man. 

Oars  for  boats  are  made  flat,  and  often  a  little  concave,  that 
the  mutual  action  between  them  and  water  may  be  as  great  as 
possible.  The  webbed  feet  of  water-fowl  are  oars:  in  advancing, 
they  collapse  like  a  shutting  umbrella,  but  open  outwards  in 
the  thrust  backwards,  so  as  to  ofl*er  a  broad  concave  surface 
to  the  water.  The  expanded  wings  of  birds  are  in  like  manner 
a  little  concave  towards  the  air  which  they  strike.  The  sails  of 
ships,  when  they  are  receiving  a  fair  wind  are  left  slack  so  an 
to  swell  and  become  hollow. 

The  resistance  between  a  solid  and  fluid  is  nearly  proportioned 
to  the  breadth  of  the  solid,  that  is,  to  the  extent  of  surface 
opposed  by  it  to  the  fluid;  hence  large  bodies,  because  con- 
taining more  matter  in  proportion  to  their  surface,  are  les» 
resisted  in  proportion  to  their  weight  than  small  bodies  of 
similar  form. 

A  bullet  or  other  solid  of  two  inches  diameter,  has  eight  times 
a^  much  matter  in  it  as  a  similar  solid  of  one  inch  diameter, 
while  it  has  only  four  times  the  breath  or  surface.    Thus  eight 
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dice  or  little  cubes  put  together  as  here  shawn, 
form  a  larger  cube,  of  which^  compared  with 
a  single  die,  the  edge  is  twice  as  long,  the 
surface  is  Jour  times  as  great,  and  thequanti* 
ty  of  matter  is  eight  times  as  great: — twenty- 
seven  dice  together  form  a  cube  with  sides 
three  times  as  long,  and  the  surface  nine  times  as  great; — ^and 
sixty-four  dice  form  a  cube  with  sides  four  times  as  long,  and 
surface  sixteen  times  as  great.  All  solids  similar  to  each  otlier, 
have  this  kind  of  Telation,  which,  in  the  language  of  the  science 
of  quantity,  is  called  the  relation  of  cubes:  they  are  said  to  be 
to  each  other  as  the  cubes  of  any  of  their  corresponding  line,  ^ 
Hence,  if  a  bullet  of  eight  pounds  and  a  bullet  of  one  pound  be 
shot  off  with  equal  velocity,  that  of  eight  pounds,  because  hav- 
ing only  four  times  the  surface  of  the  one-pound  bullet,  but 
eight  times  its  weight,  and  therefo/^e  eight  times  its  motal  inertia 
or  force,  will  go  much  farther  than  the  other. 

This  important  rule  explains  why  shells  and  large  shot  may 
be  thrown  four  or  five  miles,  while  smaller  cannon-balls,  musket 
bullets,  pistol  and  swan-shot,  and  the  common  small-shot  of  tlie 
sportsman,  all  of  which  are  generally  discharged  from  their 
respective  pieces  with  the  same  commencing  velocity,  have  a 
shorter  range,  as  the  size  of  the  projectile  is  less.  Even  water 
is  sometimes  thrown  from  a  gun  or  powerful  syringe  to  stun 
birds,  that  they  may  be  obtained  with  uninjured  plumage;  but 
it  soon  divides  in  the  air  so  minutely  that  it  reaches  only  to  a 
short  distance. 

Water  falling  through  the  air  from  a  great  height,  goes  on 
suffering  a  gradual  division  into  smaller  and  smaller  portions, 
which  at  last  may  be  said  to  be  nearly  all  surface;  and  then  the 
resistance  of  the  air  lets  them  fall  very  slowly  indeed.  The  re- 
lation of  the  size  and  resistance  is  well  shown  by  the  difference 
of  celerity  in  the  descent  of  a  minute  fog,  a  drizzling  misty  and 
common  rain.  The  toy  called  the  water-hammer;  is  merely 
a  little  water  enclosed  in  a  tube  exhausted  or  empty  of  air* 
When  the  water  is  made  to  fall  from  one  end  to  the  other,  as 
there  is  no  air  to  impede  or  divide  it  in  its  descent^  it  falls  as 
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one  masSy  and  makes  a  sharp  noise  like  the  blow  of  a  hammer. 
— ^The  same  kw  explains  why  a  spider's  thread  or  a  single  fila- 
ment of  silk  floats  so  long  in  the  air  before  it  falls; — ^why  there 
is  almost  constantly  suspended  in  the  air^  wherever  active  man 
resides,  that  immense  quantity  of  very  minute  solid  particles, 
which,  when  rendered  visible  by  the  sun's  light  passing  directly 
through  them,  are  called  motes  in  the  sunbeam — ^particles  which 
are  constantly  settling  on  household  furniture,  and  rendering 
necessary  the  daily  operation  of  dusting  or  cleaning; — why  the 
fine  dust  sent  aloft  during  the  eruption  of  volcanoes  is  often  car- 
ried by  the  wind  to  a  distance  of  hundreds  of  miles; — why  in  the 
deserts  of  Africa  the  strong  winds  often  transport  fine  sand  from 
place  to  place,  overwhelming  caravans,  and  forming  new  moun- 
tains, which  succeeding  blasts  are  again  to  lift;— *why  in  the  bot- 
tom of  a  river,  or  in  a  tides-way,  fine  mud  is  found  where  the 
current  is  slow;  sand  where  it  is  quicker;  pebbles,  or  large  stones, 
where  it  is  quicker  still;  while  in  rapids  and  water-falls,  only 
massy  rocks  can  resist  the  fluid  force.  Now  rock,  pebble,  sand, 
and  mud  may  all  be  the  same  material  in  portions  of  different 
magnitude. 

This  law  explains  the  operation  of  levigatingj  by  which  sub- 
stances insoluble  in  water  are  obtained  in  the  state  of  a  very  fine 
powder.  Any  such  substance  is  first  ground  or  powdered  in  the 
ordinary  way,  and  mixed  with  water.  The  grosser  parts  then 
soon  fall  to  the  bottom,  while  the  fine  dust  remains  longer  sus- 
pended. This  is  afterwards  obtained  separately,  by  pouring  the 
liquid  which  bears  it  into  another  vessel,  and  allowing  more  time 
for  the  slow  subsidence.  The  fine  powder  of  flint  used  in  the 
manufacture  of  porcelain  is  obtained  by  levigation;  as  is  also  that 
of  calamine  stone,  and  other  powders  used  in  medicine  and  va- 
rious arts. 

This  law  further  explains  how,  by  means  of  air  or  water,  bodies 
of  different  specific  gravities,  although  mixed  ever  so  intimately, 
may  be  easily  separated.  If  pieces  of  cork  and  lead  be  allowed 
to  fall  through  the  air  together,  the  lead  will  reach  the  ground 
first,  and  may  be  swept  away  before  the  cork  arrives:  in  a  va- 
cuum the  whole  would  fall  together,  as  proved  by  the  common 
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esperiment  <tf  the  guinea  aad  feather  falling  in  the  exhausted 
receiver  of  an  air-pump.  Ag^aixi^  when  a  mixture  of  eorn  and 
ofaaffy  as  it  comes  from  any  threshing  macfainey  is  showered  down 
from  a  sieve  in  a  current  of  air,  the  chaff  being  longer  in  falling 
is  carried  far  by  the  wind,  while  the  hearier  corn  fall  almost 
perpendicularly.  The  farmer,  therefore,  by  winnowing  in 
either  a  natural  or  artificial  current  of  air,  readily  separates  the 
grain  from  the  chaff;  and,  if  he  desire  it,  may  even  divide  the 
grain  itself  into  portions  of  different  quality.  Similar  to  the 
operation  of  separating  chaff  from  corn  by  wind,  is  that  of  sep- 
arating sand  or  mud  from  gold-dust  by  water: — ^the  soil  contain- 
ing gold-dust  is  first  spread  on  a  flat  surface,  over  which  a  cur- 
rent of  water  is  then  made  to  pass;  which  current  carries  away 
the  lighter  rubbish,  and  leaves  the  gold.  If  a  mass  of  metal  be 
affixed  on  the  end  of  a  rod  of  wood,  this,  whether  simply  failing 
through  the  air,  or  advancing  as  an  arrow,  will  follow  the  hea- 
vier metal  as  its  point.  The  cork  of  a  shuttlecock  is  always  fore- 
most for  the  same  reason. 

The  instances  enumerated  under  this  head  serve  to  show 
how  many  and  varied  the  results  may  be  which  flow  from  a 
single  principle. 

When  a  fluid  and  a  solid  meet  each  other,  whatever  be  the  ob- 
liquity of  their  approach,  the  impulse  or  effect  is  always  per* 
pendicular  to  the  surface  of  the  solid,  but  is  less  forcible  as 
the  obliquity  of  the  approach  is  greater. 

Suppose  a  b  to  represent  the  edge  of  a  board  or  of  any  flat 
smooth  surface,  a  fluid  approaching  this  sur- 
face, in  whatever  direction,  must  act  upon  it 
as  if  approaching  perpendicularly,  because,  on 
account  of  the  smoothness,  the  fluid,  although 
coming  obliquely,  can  take  no  hold  of  it  to 
push  it  endways,  either  towards  a  or  6,  Again 
the  impulse  of  a  stream  acting  on  the  surface 
will  be  less  forcible  if  it  be  oblique,  both  be- 
cause less  fluid  will  touch,  and  because  the  velo- 
city of  the  approach  will  be  less.  The  line  c  d  marks  the  breadth 
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«Dd  therefore  force  of  a  direct  stream  readuDg  the  board;  and 
the  shorter  line  f  t  marks  the  smaller  breadth  that  can  touch 
it,  of  a  stream  coming  obliquely  in  the  direction  c  i  in  the 
oblique  stream,  moreover,  if  the  line  c  h  mark  the  whole  yeloci- 
tj,  the  shorter  line  e  a  will  mark  the  slower  rate  of  approxima- 
tion to  the  board,  and  therefore  will  show  the  loss  of  force  on 
this  account  from  the  obliquity  of  action.  (This  subject  was 
treated  of  at  page  100,  under  the  head  of  Besolution  of 
Forces.) 

Hence  the  wind  blowing  upon  the  sail  of  a  ship,  however  ob- 
liquely, always  presses  it  directly  forward 
or  perpendicularly,  as  regards  its  surface; 
but  acts  less  forcibly  as  the  obliquity  is 
greater.  If  the  wind  be  represented,  as  to 
direction  and  strength,  by  the  line  c  d  ap- 
proaching the  sail  a  &,  it  will  act  on  the 
sail  as  if  it  came  from/*  to  cf,  or  as  if  the 
sail  were  pulled  by  a  rope  d  c.  We  see  in 
this,  how  a  ship  can  be  made  to  sail  in  a  certain  degree  against 
the  wind;  for  all  the  sails  being  adjusted  so  as  to  receive  the 
wind  in  the  direction  here  shown,  they  all  act  to  produce  the 
same  result  as  if  ropes  were  pulling  from  each  in  the  direction 
de. 

The  reason  again  why  a  rope  like  c  d  pulling  sideways  as 
well  as  forwards — as  instanced  in  a  tow-rope  from  a  canal  boat, 
makes  the  vessel  advance  rapidly  forward,  but  scarcely  at  all 
sideways,  is,  that  vessels  are  formed  to  pass  forward  at  least 
twenty  times  more  easily  with  their  sharp  bow,  than  sideways 
with  their  long  broad  keel;  and  therefore  a  force  that  were  pull- 
ing equally  sideways  and  forwards,  would  make  a  ship  advance 
twenty  miles  in  the  direction  of  her  keel,  that  is  forwards,  for 
one  mile  which  she  would  deviate  sideways. — ^The  deviation 
sideways,  which  in  sailing  vessels  must  take  place  to  a  certain 
extent  whenever  the  wind  is  at  all  oblique,  is  called  the  lee- 
teay. 
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A  vessel  having  to  sail  from  a  to  by  while  the  wind  blows  di« 
rectly  against  her  course  from  b  to  Of  is  obliged 
to  sail  close  to  the  wind  as  represented  in  last 
.^-'*c   page,  first  perhaps  to  c,  as  represented  by  this 
^  ,^''  figure,  with  the  right  or  starboard  side  to  the 

wind,  then  to  tack^  as  it  is  called,  or  turn 
round,  at  c,  and  to  sail  to  d^  with  the  left  or 
V'^-c  larboard  side  to  the  wind;  then  to  goon  the 
starboard  tack  again  to  e^  and  from  thence  to  the 
port  at  b. 

In  making  way  against  a  contrary  windy  the  sails  of  a  ship 
are  pointed  so  nearly  edgeways  to  the  wind,  that  unless  very 
flat,  a  great  portion  of  their  surface  becomes  useless.  The  Chi^ 
nese  manner  of  rigging  is,  in  this  respect  at  least,  superior  to  the 
European ;  for  in  it  bamboo  reeds  attached  across  the  sails  ren- 
der them  as  flat  as  boards.  When  a  Chinese  ship  has  her  sails 
pointing  edgeways  to  a  spectator,  he  only  sees  the  masts  which 
support  them. 

The  reason  why  a  ship  generally  sails  faster  with  the  wind 
from  one  side,  than  when  it  is  from  directly  astern,  is,  that  in  the 
former  case  all  the  sails  are  acting,  although  individually  not  to 
the  best  advantage,  while  in  the  latter,  the  sails  in  front  are  be« 
calmed  by  those  behind  them.  A  ship  with  a  side-wind  may 
move  faster  than  the  wind,  as  is  often  true  of  the  outer  extremi- 
ties of  a  windmill's  vanes. 

The  law  now  under  consideration  explains  the  action  of  the 
rudder  of  ships, — that  contrivance,  by  which  a  single  steers- 
man can  direct  the  course  of  a  mighty  vessel  through  rocks  and 
shoals,  more  steadily  and  safely,  than  the  most  adroit  charioteer 
can  guide  his  vehicle.  The  helm  or  rudder  is  a  projection  from 
the  stem-post  of  the  ship,  turning  on  strong  hinges,  in  the  man- 
ner of  a  door  or  gate,  and  moved  by  a  beam  or  lever  called  the 
tiller^  proceeding  forwards  to  where  the  steersman  stands.  In 
small  vessels  the  tiller  is  above  the  deck,  and  the  steersman  ap- 
plies his  hand  directly  to  it;  but  in  large  ships  it  is  below,  and 
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is  moved  by  ropes  rising  from  it  to  the  tvheel  on  the 
deck,  where  the  steersman  stands  with  the  compass 
before  him.  While  the  rudder  points  directly  astern, 
as  to  a,  like  a  continuation  of  the  keel  and  stern* 
post,  it  does  not  affect  the  vessel's  course;  but  if  it 
be  inclined  ever  so  little  to  one  side,  as  to  b  on  the 
left,  or  larboard  sidey  the  water  immediately  acts  on 
it  in  the  direction  c  A,  perpendicular  to  its  furface, 
and  pushes  the  stern  to  the  right  or  starboard  side, — an  action 
equivalent  to  pulling  the  bow  to  the  left  or  larboard. 

It  is  possible  to  make  a  ship  or  boat  steer  itself,  by  having  a 
powerful  vane  on  the  mast-head,  connected  with  the  tiller-ropes 
by  two  projecting  arms  from  its  axis.  If  desired  to  make  the 
ship^ail  directly  before  the  wind,  the  tiller-ropes  would  be  fixed 
to  the  vane  so  that  the  helm  should  be  in  the  middle  position, 
when  the  vane  were  pointing  directly  forward;  and  should  the 
vessel  then  from  any  cause  deviate  from  her  course,  the  vane  by 
its  changed  position  with  respect  to  her,  would  have  produced 
a  corresponding  change  on  the  position  of  the  helm,  just  such 
as  to  bring  her  back  to  her  course.  It  is  evident  that  by  ad- 
justing such  a  vane  and  rudder  to  each  other  in  different  ways, 
any  desired  course  might  be  obtained,  and  which  would  alter 
only  with  the  wind.  The  vane  would  require  to  be  of  large 
size  to  have  the  necessary  power;  a  wide  hoop,  for  instance, 
with  canvass  stretched  upon  it;  and  the  rudder,  that  it  might 
turn  with  little  force,  would  be  hung  on  an  axis  through  its 
middle,  instead  of  as  usual,  by  hinges  at  one  edge.  Cases  have 
occurred  were  ship-wrecked  persons  might  have  sent  intelli- 
gence of  their  disaster  to  a  distant  coast,  by  a  small  vessel,  or 
even  a  block  of  wood  fitted  up  in  this  way;  and  the  method 
might  sometimes  jsave  an  additional  hand  in  a  boat's  crew.  It 
admits  also  of  other  applications,  particularly  in  war. 

As  fluids  act  on  surfaces,  in  a  direction  perpendicular  to 
them,  the  water  on  the  right  side  of  a  ship's  bow  is  always 
pressing  towards  the  left  side;  but  owing  to  the  equivalent  and 
contrary  pressure  there,  the  ship  holds  her  course  evenly  be- 

3D 
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tween  the  two,  or  straight-forwards.  When  a  ahip  however 
owing  to  a  side  wind,  lies  over  or  fteela^  as  it  is  called,  that  side 
of  the  bow  which  sinks  most  in  the  water  is  more  pressed  than 
the  other;  and  were  it  not  for  a  counteracting  inclination  of  the 
rudder  then  made,  constituting  what  is  called  tveather  helm^ 
the  ship's  head  would  come  round  to  the  wind.  Now  ships  so 
rarely  have  the  wind  exactly  astern,  that  to  diminish  the  almost 
constant  necessity  for  weather  helm^  the  masts,  and  conse- 
quently the  mass  of  the  sails,  are  placed  more  towards  the  bow 
than  the  stem. 

Because  the  bow  of  a  ship  is  oblique  downwards  as  well  as 
sideways,  the  water,  when  she  moves,  is  constantly  tending  to 
lift  the  bow;  hence  when  a  vessel  is  dragged  by  a  low  horizon- 
tal rope,  as  in  the  case  of  a  boat  attached  to  a  sailing  ship's 
stern,  or  is  moved  by  paddle-wheels,  like  steam-boats,  the  bow 
rises  much  out  of  the  water,  and  the  stern  sinks  in  the  hollow 
or  furrow  of  the  track;  but  when  she  is  driven  by  sails,  as  these 
are  high  on  the  mast,  and  are  acting  therefore  on  a  long  lever  to 
depress  the  bow,  the  two  opposing  tendencies  just  balance  each 
other,  and  the  vessel  sails  evenly  along. 

The  form  of  the  fore  part  of  a  ship  has  less  influence  upon 
her  speed  of  sailing,  than  the  form  of  the  part  from  the  middle  to 
the  stern,  called  the  run.  When  a  ship  is  at  rest,  there  is  of 
course  as  much  forward  pressure  of  the  water  about  the,stern  as 
of  backward  pressure  on  the  bow;  but  when  she  sails,  she  is 
running  away  from  the  propelling  pressure  behind,  and  is  in* 
creasing  the  resisting  pressure  in  front  A  gradual  tapering  of 
the  hind  part  therefore,  or  a  ^ne  ruuj  as  it  is  called,  which  al- 
lows the  water  to  apply  itself  readily  to  it,  as  it  passes  along, 
must  quicken  much  the  rate  of  sailing.  A  tree,  or  the  tapering 
mast  of  a  ship,  can  be  drawn  through  the  water  the  most  easily 
with  the  large  end  foremost 

The  common  mndmill  furnishes  another  illustration  of  the 
action  of  fluids  on  oblique  surfaces.  The  face  of  the  windmill 
is  turned  directly  to  the  wind,  but  the  four  flat  vanes  or  sails  of 
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which  the  great  wheel  conamts  are  indivi- 
ally  oblique.  Thus  the  edge  a  of  the 
vane  a  e,  is  more  forward  as  regards  the 
coining  wind  or  a  spectator  in  fronts  than 
the  edge  e  and  the  action  of  the  wind 
therefore,  being  perpendicular  to  the  ob<- 
c  H"^  lique  surface  a  e,  pushes  it  in  a  degreo  to* 

wards  a.  The  same  remark  applies  to  each  of  the  other  vanes 
where  the  edges  bj  c  and  d  are  in  front,  and  those  marked  by 
the  fainter  lines  are  behind;  so  that  each  vane  produces  an 
equal  effect  in  turning  the  wheel  The  law  of  the  ^<  decompo<- 
sition  of  forces/'  explained  at  page  100  tells  in  what  propor- 
tions the  force  of  the  wind  is  exerted  to  push  the  wheel  back* 
wards  against  it  supports,  and  to  turn  it  round* 

Windmills  were  first  used  in  Europe  in  the  fourteenth  centu- 
ry. They  are  gtill  pf  great  importance  in  countries  where  there 
are  no  water-falls  and  little  fuel  for  steam  engines.  In  some  of 
the  richest  European  landscapes,  every  height  is  crowned  by 
its  buay  windmill,  grinding  corn,  or  sawing  wood,  or  pressing 
oil-seeds;  and  over  the  plains,  similar  wheels  are  made  to  pump 
water  for  domestic  use,  or  incessantly  to  drain  the  land. 

The  smoke-jack  of  our  chimneys  is  a  small  windmill,  driven 
by  the  ascending  current  of  air  in  the  chimney. 

The  feathering  of  an  arrow  acts  in  part  on  the  principle  of 
the  windmill.  The  feathery  projection  from  the  shaft  is  not 
quite  straight,  but  winds  round  it  a  little,  like  the  thread  of  a 
screw;  and  the  arrow  therefore,  by  constantly  turning  as  it 
flies,  goes  straight  to  its  object  although  the  shaft  itself  be  bent, 
because  any  deviation  is  constantly  correcting  itself. 

It  might  be  supposed  that  a  wheel,  which  the  wind  turned 
by  direet  action  on  the  rim,  as  water  turns  common  water- 
wheels,  would  be  preferable  to  the  windmill-wheel  now  descri- 
bed which  is  turned  by  oblique  action  on  the  face:  according- 
ly, a  wheel  like  a  water-wheel  only  with  broader  vanes,  has 
been  placed  in  a  house  or  cover,  so  that  one  side  at  a  time  was 
exposed  to  the  wind; — but  it  is  a  powerless  machine.  The  ob- 
lique-vaned  wheel  applies  to  use  only  half  perhaps  of  the  force 
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of  the  air  which  reaches  it,  but  ita  wide  expanse  receives  « 
stream  of  air  often  of  thirty  feet  in  diameter,  while  an  ordinary 
window  would  admit  enough  for- a  wheel  of  equal  size  of  the 
other  construction. 

'niere  are  some  situations  where  it  would  be  an  advantage  to 
have  water-wheels  like  the  common  windmill-wheel,  viz.  where 
the  stream  is  sluggish,  and  is  deep  enough  to  allow  a  large  wheel 
to  be  wholly  immersed. 

A  small  wheel  with  broad  oblique  vanes  has  been  used  as  k 
means  of  ascertaining  the  rate  of  a  ship's  sailing.  It  is  allowed 
to  drag  a-stern,  in  the  water;  and  the  number  of  revolutions 
made  in  a  given  time  marks  the  ship's  speed. 

A  windmill-wheel  made  to  turn  during  a  calm  by  force  ap* 
plied  to  its  axle,  would  be  pressed  endways  or  in  the  direction 
of  its  axle,  just  as  if  wind  were  blowing  upon  it,  owing  to  the 
re-action  of  the  still  air,  through  which  its  oblique  vanes  were 
made  to  sweep.  Such  a  form  of  wheel  fitted  to  work  in  water, 
and  called  a  water-screw,  has  been  applied  at  the  bow  or  stern 
of  steam-boats,  to  propel  them  in  canals  where  there  was  no 
•room  for  side  wheels.  But  as  from  the  obliquity  of  the  surfaces 
only  part  of  the  applied  power  becomes  propulsive — ^the  remain- 
der being  wasted  in  the  lateral  strain  or  twisting  of  the  water — 
the  method  is  not  applicable  to  general  purposes. 

Two  small  windmill-wheels  placed  horizontally  one  above 
the  other,  on  the  same  axis,  and  made  to  turn  in  opposite  ways 
by  springs  or  otherwise,  would  rise  in  the  air,  carrying  a  certain 
load  with  them,  and  would  constitute^  therefore,  a  flying  ma- 
chine. 

A  paper  kite  rises  in  the  air  for  the  same  reason  that  a  wind- 
^\  mill  vane  turns.     Its  cord  d  is*  attached  to 

^     '  '   above  the  middle  of  its  loop,  and  there- 

fore so  as  to  make  it  present  always  an  ob- 
que  surface  to  the  wind;  and  by  the  action 
of  the  wind  perpendicular  to  its  surface,  it 
rises  as  if  pushed  up  in  the  direction  c  a,  or 
as  if  drawn  up  in  the  direction  a  b. — ^A  kite 
might  be  made  large  enough  to  lift  a  ma&. 
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Cats  have  been  sent  up  at  kite's  tails,  and  have  fallen  down  safe- 
ly under  parachutes  from  the  greatest  elevations.  It  might  be 
safer  for  a  man  to  rise  at  a  kite's  tail  to  reconnoitre  an  enemy's 
position,  or  to  survey  an  unknown  country,  than  under  a  balloon, 
as  was  practised  by  the  French  during  the  revolutionary  wars. 
He  might  have  the  security  of  a  parachute,  and  the  power  of 
regulating  the  obliquity  of  attachment  of  the  rope,  so  as  to  com* 
mand  his  ascent  or  descent  at  pleasure.  An  exhibition  has  late* 
ly  been  made  (October  1827)  of  a  car  drawn  along  the  highways 
by  kites.  That  they  might  ascend  to  a  great  elevation,  where 
the  wind  is  generally  stronger  than  below,  they  were  attached 
to  each  other  in  a  row,  so  that  the  second  kite  mounted  as  if  its 
cord  were  held  by  a  hand  at  the  first,  th6  third  as  if  rising  from 
the  second,  and  so  forth.  The  projector  of  this  novelty  hoped 
that  he  had  pointed  out  a  most  valuable  means  of  travelling 
across  extensive  plains,  sandy  deserts,  tracts  of  snow,  &c.,  and, 
in  all  cases,  nearly  with  the  speed  of  the  wind. 

The  effect  of  a  single  oar,  used  to  propel  a  boat  or  vessel,  in 
the  manner  called  sculling^  is  referrible  to  the  law  now  under 
consideration.  The  oar  or  scull  rests  on  a  round-headed  prop 
or  nail  at  the  stern,  and  is  made  to  vibrate  from  side  to  side. 
In  all  its  positions  it  has  the  surface  which  presses  the  water, 
turned  obliquely  backwards;  hence  the  re-action  of  the  water 
propels  the  boat. — In  China,  large  vessels  are  moved,  by  a  sin- 
gle sculling  oar  which  half  the  ship's  company  may  be  urging 
at  the  same  time.  A  sculling  oar  may  be  regarded  as  a  single 
vane  of  such  a  propelling  wheel  as  above  described,  made  to 
sweep  across,  behind  the  vessel,  alternately  to  the  right  and  to 
the  left. 

The  action  of  a  fish's  tail,  and  of  the  bending  of  an  eel  or 
snake  in  water,  resembles  that  of  the  sculling  oar.  Many 
people  believe  that  the  tail  of  the  fish  is  only  the  rudder  of  the 
body,  as  is  true  of  a  bird's  tail,  but  it  is  in  fact  the  great  instru- 
ment of  motion,  while  the  fins  are  chiefly  used  to  steady  and 
dtreet  the  motion* 
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<'  Fluid*  lifted  in  oppimtian  to  gravity.  **  (Suthe  analy$ig, 
page  371.) 

Water,  ub  we  have  seen  in  former  parte  of  thia  work^  is  to 
the  living  univerae,  nearly  what  the  blood  ia  to  the  animal 
body,  and  a  constant  supply  and  circulation  are  required.  This 
has  been  provided  for  to  an  extraordinary  extent,  by  the  opera* 
tion  of  natural  causes;  but  for  many  purposes  of  human  society^ 
water  is  still  required  where  there  is  no  natural  supply.  A 
great  variety  of  means  have  been  employed  for  raising  it,  some 
of  which,  sufficient  to  illustrate  the  whole,  are  now  to  be  con* 
aiuered. 

Water  may  be  raised  in  a  bucket  attached  to  a  rope  pulled  up 
by  the  hand;  or  the  rope  with  the  bucket  may  be  wound  round 
a  barrel  or  axle  turned  by  a  winch. — ^There  may  be  a.aucceasion 
of  buckets  on  a  rope,  rising  one  after  the  other,  and  when  emp^ 
tied,  descending  again  on  the  opposite  side  of  the  wheel  or  axle 
which  lifts  them:  the  rope  to  which  they  are  attached  being  a 
circle  or  endless  rcpe,  and  constituting  with  them  what  is  called 
the  bucket-machine. — Instead  of  buckets,  on  such  an  endless 
rope  or  chain,  there  may  be  a  succession  of  flat  pieces  of  wood, 
which,  on  being  drawn  up  through  a  large  tube  or  barrel,  like 
loose-fitting  pistons,  will  raise  a  copious  stream  of  water:  form- 
ing the  contrivance  called  the  chain-pump. — ^Or  simply  an 
endless  rope  of  hair,  very  rough,  passing  round  one  wheel  above 
and  another  below,  may  be  whirled  quickly  by  turning  (he  up- 
per wheel,  and  a  mass  of  water  adhering  by  friction  to  its  rising 
half,  will  be  thrown  into  a  reservoir  at  the  top  where  it  passes 
over  the  upper  wheel:  several  such  ropes  may  be  joined  side  by 
side  to  increase  the  effect. — But  the  most  important  of  all  water> 
raising  engines  are  the  lifting  and  forcing  pumps^  already 
described  at  page  307.  They  are  used  to  draw  from  wells,  to 
drain  mines,  to  send  a  supply  over  cities  from  low  sources,  to 
pump  ships,  to  throw  water  for  extinguishing  fires,  &c. 

A  stream  of  water  passing  through  a  garden>  or  in  the  puidst 
of  fielda,  may  give  beauty  without  utility,  unless  it  ean  be  em- 
ployed to  irrigate  the  vegetable  creation  around.     In  the  fielda 
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and  gardens  of^eraia,  where  the  heat  of  the  sun  is  yeiy  intense, 
the  streams  are  ingeniously  eaused,  by  their  own  action^  to  lift 
a  part  of  their  water  into  elevated  ^reservoirs,  from  which  it 
again  flows  in  sloping  channels  to  wherever  it  is  required.  A 
large  water-wheel  is  placed  so  that  the  stream  may  turn  it,  and 
around  its  circumference  buckets  are  attached,  to  be  filled  as  they 
sweep  along  below,  and  to  be  emptied  into  a  reservoir  as  they 
pass  above--^r  instead  of  buckets,  the  spokes  of  the  wheel  are 
themselves  made  hollow,  and  curved  as 
here  represented,  so  that  as  their  extremi- 
ties dip  into  the  water  at  each  revolution, 
they  receive  a  quantity  of  it,  which  runs 
along  them  as  they  rise,  and  is  discharged 
into  a  reservoir  at  the  centre.  These  are 
called  Persian  wheels^  but  they  are  in 
common  use  on  the  banks  of  the  Nile, 
and  elsewhere. 
A  pipe  wound  like  a  screw  upon  a  sloping  barrel,  and  made 

to  dip  its  lower  mouth  into 
water  at  each  revolution  of 
the  barrel,  will  also  raise 
water:  the  lower  portions 
of  the  turning  pipe  will  al- 
ways be  full  of  it,  and  it  will  be  rising  in  them  to  the  top,  as  if 
on  an  inclined  plane.  Archimedes  was  the  inventor  of  this  beau- 
tiful water-screw,  and  has  left  his  name  to  it.  It  may  be  turned 
by  hand,  or  by  a  passing  stream  which  acts  on  the  vanes  of  a 
water-wheel  affixed  upon  it 

Water  may  be  raised  by  producing  centrifugal  force  at  the 
upper  end  of  a  bent  pipe  dipping  into  a  reservoir. 
Supposing  the  pipe  to  be  bent  as  here  represented, 
and  the  horizontal  arm  a  to  turn  like  the  spoke  of 
a  wheel,  while  the  upright  portion  remains  steady 
like  an  axis,— if  the  pipe  be  once  filled  with  water, 
it  will  eonUnue  to  throw  out  a  constant  stream  frOm 
the  end  a.    To  increase  the  discharge  there  may  b^ 
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several  horizontal  arms  from  one  larger  upright  ptpe,  all  empty- 
ing themselves  into  a  circular  trough  or  reservoir;  and  to  prevent 
the  necessity  of  refilling  the  pipe  after  every  interruption  of  its 
motion,  a  valve  opening  upwards  must  be  placed  at  the  bottom. 
This  contrivance  has  been  called  the  C6n/ri/u:>^a/ /^iimp,  because 
the  water  is  raised  at  6  as  in  a  pump,  by  the  pressure  of  the 
atmosphere,  to  supply  the  place  of  that  which  is  thrown  out 
from  a  by  the  centrifugal  force.  The  velocity  of  rotation  must 
bear  proportion  to  the  height  of  the  discharging  aperture  a  above 
the  surface  of  the  water  in  the  reservoir. 

It  had  long  been  observed  in  household  experience  and 
elsewhere,  that  while  water  is  running  through  a  pipe,  if  a 
cock  at  the  extremity  be  suddenly  shut,  a  shock  and  noise  are 
produced  there.  The  reason  is,  that  the  forward  motion  of 
the  whole  water  contained  in  the  pipe  being  instantly  arrested^ 
and  the  momentum  of  a  liquid  being  as  great  as  of  a  solid, 
the  water  strikes  the  cock  with  as  much  force  as  if  it  were 
a  bar  of  metal  or  a  rod  of  wood  having  the  same  weight 
and  velocity.  A  leaden  pipe,  if  of  great  length,  is  often  widen- 
ed or  burst  in  this  experiment. — lately  this  forward  pressure  of 
an  arrested  stream  has  been  used  as  a  force  for  raising  water, 
and  the  arrangement  of  parts  contrived  to  render  it  available  has 
been  called,  on  account  of  the  shock,  the  water-ram  The 
ram  may  be  described  as  a  sloping  pipe  in  which  the  stream 
runs,  having  a  valve  at  its  lower  end,  to  be  shut  at  intervals, 
and  a  small  tube  rising  from  near  the  end  towards  a  reservoir 
above  to  receive  a  portion  of  the  water  at  each  interruption  of 
the  stream.  Now  in  a  pipe  ten  yards  long,  two  inches  wide, 
and  sloping  six  feet,  water  allowed  to  run  for  one  second  ac- 
quires momentum  enough  to  drive  about  half  a  pint,  on  the 
shutting  of  the  cock,  into  a  tube  leading  to  a  reservoir  forty  feet 
high.  Such  an  apparatus,  therefore,  with  the  valve  shutting 
every  second,  raises  about  sixty  half-pints  or  four  gallons  in  a 
minute.  The  valve  is  ingeniously  contrived  so  that  the  stream 
works  it  as  desired.     In  this  figure  which  represents  the  lower 
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end  of  the  water-ram,  a  is  the  open- 
in|5  by  which  the  stream  escapes 
from  it,  and  the  valve  or  flap  seen 
below  the  opening  is  that  which  by 
suddenly  shutting  arrests  the  stream. 
The  valve  is  made  so  heavy,  that 
the  stream  must  run  for  a  certain 
time  to  acquire  force  enough  to  shut 
it;  and  in  the  insftant  of  its  shutting,  a  little  of  the  advancing 
water  passes  upwards  through  the  valve  b  towards  the  reser- 
voir. The  water  in  the  main  pipe  then  becoming  stagnant 
again,  has  no  longer  power,  by  its  weight  alone,  to  keep  the 
valve  a  shut:  this,  therefore,  falls  open  and  the  stream  begins 
again;  again  to  be  arrested  as  before;  and  as  long  as  the  supply 
of  water  lasts,  the  action  of  the  apparatus  continues.  The  ac- 
tion of  a  water-ram  may  be  compared  to  the  beating  of  an  ant- 
maPs  pulse.  The  upright  tube  is  made  wider  at  the  bottom 
where  it  first  receives  this  water,  so  as  to  constitute  there  an  air 
vessel  b  (described  at  page  S90,)  which  by  the  air's  elasticity 
converts  the  interrupted  jets  first  received  into  a  neariy  uniform 
current  towards  the  reservoir.  The  supply  of  air  to  this  vessel 
is  maintained  by  the  contrivance  called  a  sni/ting  valve. 

In  the  proceeding  pages  on  the  doctrines  of  fluidity,  we  have 
had  to  touch  on  many  of  those  phenomena  of  nature  and  art 
which  are  the  most  important  to  man;  yet  we  have  seen  how 
beautifully  simple  and  intelligible  they  are  all  rendered  when 
referred  by  a  methodical  arrangement  to  the  few  fundamental 
truths.  Each  one  of  the  many  particulars  belonging  to  this 
head,  which  when  explained  appear  so  obvious,  has  yet  been  a 
distinct  step  in  the  slow  progress  of  discovery  or  invention,  and 
probably  when  first  understood  has  filled  sane  in^oious  mimi 
with  intense  and  purest  delight 
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SECTION  TV.— ACOUSTICS, 
OB  PHENOMENA  OF  SOUND  AND  HEAtlIN& 
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1.  Sound  U  heard  when  any  eudden  ehoek  or  impulae  is  ghen  to  the  mr^  or  te 
any  other  body  which  is  in  contact  directly  or  indirectly  with  the  ear, 

2.  ff  swh  impulses  be  repeated  at  very  short  intervals,  the  ear  cannot  attend  to 
them  individually,  biU  hears  them  as  a  coxtuvued  sound,  which  is  obate  or 
0RAKP,  aeeerdin%  as  the  impulses  are  few  or  many  m  a  gioen  time:  and  all 
Ofniinued  sound  is  but  a  repetition  of  in^pulses. 

3.  When  the  nmnber  of  impulses  producing  some  continued  sound  has  a  simple 
relation,  as  of  half  third,  fourth,  Sfc.  to  the  number  producing  some  other 
sound  which  is  heard  either  simultaneously  with  it,  or  a  little  before  or  after, 
the  ear  is  generally  much  and  pleasingly  affected  by  the  wevmstanee;  and 
such  sounds  are  stdd  to  have  bcubicjx  rsx.ation  to  each  other,  or  to  be  con- 
coHDBf  while  all  others  are  termed  Diecoiu>t. 

4.  l%e  shock  which  causes  the  sensation  of  sound  bprcads  or  is  propagated  in 
all  bodies  somewhat  as  a  wane  spreads  in  water,  unth  decreasing  strength  as 
the  distance  increases,  but  with  a  velocity  nearly  uniform,  and  which  in  air  is 
1 ,142  feet  per  second, 

6.  Sound  is  RsrLBCTEB/rom  smooth  surfaces,  and  hence  arise  many  curiotis  and 

pleasing  effects,  called  echobs,  fyc. 
6.  The  structure  of  the  ear  illustrates  the  laws  of  sound. 


Early  inquirers  into  nature  had  remarked  that  in  most  in- 
stances of  noise  or  sound  there  was  present  a  shock  or  trembling 
of  the  sounding  body,  often  visible,  but  sometimes  only  sensi- 
ble to  the  touch,  or  discoverable  by  other  effects.  It  was  noted 
in  the  string  of  a  harp,  the  reed  of  a  haut-boy,  the  prongs  of  a 
tuning-fork,  the  lip  of  a  bell.  But  it  was  reserved  for  the  mo- 
dems to  understand  fully,  that  the  animal  organ  called  the  ear, 
is  merely  a  structure  of  parts  admirably  adapted  to  be  affected 
by  the  concussions  or  tremblings  of  tibings  around;  and  that 
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sounds  in  all  their  varieties  are  merely  such  motions,  affecting 
the  ear  through  the  medium  of  the  air  which  surrounds  us,  or 
of  some  other  body  or  series  of  bodies  reaching  from  the  tremb- 
ling thing  to  the  ear. 

The  delicacy  and  cpmplexity  of  an  organ  destined  to  feel 
and  to  distinguish  such  slight  and  varying  influences,  and  the 
unspeakable  importance  of  it  to  man,  as  that  which  makes  him 
capable  of  using  language,  besides  being  his  ever-watchful  mo* 
nitor  of  surrounding  occurrences,  the  channel  by  which  the  fas- 
cination of  music  enters,  &c*,  render  this  subject,  to  all  who 
love  to  read  in  nature  the  attributes  of  its  author,  a  most  favour- 
ite study. 

Because  all  the  bodies  around  us  are  immersed,  in  common 
with  ourselves,  in  the  ocean  of  air  which  covers  the  earth,  we 
are  much  more  frequently  warned  of  the  shocks  and  tremblings 
of  which  we  have  been  speaking,  by  their  effect  on  the  air;  than 
in  any  other  way;  hence  the  early  prejudice  that  air  was  neces- 
sary to  sound,  and  hence  the  reason  why  the  doctrines  of  sound 
have  generally  been  accounted  a  part  of  pneumatics.  We  shall 
now  find,  however,  that  all  bodies  convey  those  tremblings, 
and  that  air  in  many  oases  is  neither  the  quickest  nor  the  best 
carrier.  Although  our  notions  on  the  subject  are  thus  correct- 
ed, it  is  still  convenient  to  consider  the  doctrines  of  sound  in 
this  place. 

1.  "  Sound  is  heard  when  any  sudden  shock  or  impulse  oc- 
curs in  a  body  having  communication^  by  the  air  or  other^ 
wiscy  with  the  ear.     {Read  the  analysis,) 

Common  instances  of  a  single  impulse  are — ^the  blow  of  a 
hammer — ^the  clap  of  hands — ^the  crack  of  a  whip — a  pistol- 
shot — any  explosion — the  thunder-clap. 

The  loudness  of  sound  conveyed  by  air  depends  on  the  air's 
density.  A  bell  enclosed  in  the  receiver  of  an  air-pump  is 
heard  less  and  less  distinctly  as  the  air  is  exhausted,  and  in  a 
vacuum  is  not  heard  at  all. — Even  the  blow  of  a  hammer  in  a 
vacuum  is  not  heard  if  care  is  taken  to  prevent  the  shock  from  be- 
ing communicated  through  neighbouring  solid  bodies. — In  the 
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tkitt  air  surrounding  a  lofty  mountain-top  the  report  of  a  piatoF 
is  mueh  less  loud,  and  human  voices  are  weaker. — In  the  con* 
densed  atmosphere  of  a  diving-bell  a  whisper  is  loud. — ^Wben 
volcanoes  and  various  other  resemblances  to  the  constitution  of 
our  e^rth  were  first  discovered  in  the  moon,  some  persons  fsn* 
eied  that  during  the  stillness  of  night  we  should  here  the  thun* 
dev  there :^ — ^bat  supposing  the  thunder  to  happen,  and  to  be 
ever  so  toud,  it  could  not  be  heard  on  earth,  because  there  is 
no  medium  to  bear  thither  the  pulses  of  sound — there  is  a  va- 
cuum between. 

2,  Jhnpuhes  qtdckly  repeated  cannot  be  individually  attend* 
ed  to  by  the  eaty  and  hence  they  appear  as  One  continued 
sfiund^  of  which  the  tone  depends  on  the  number  qf  beats* 
in  a  given  time;  and  all  continued  sound  is  but  a  repeti^ 
tion  of  impulses,     (Bead  the  analysis.) 

If  a  wheel  with  teeth  be  made  to  turn  and  to  strike  a  piece  of 
quill  with  every  tooth,  it  will,  when  moved  slowly,  allow  eve^ 
ry  tooth  to  be  seen  and  every  blow  to  be  separately  heard,  but 
with  increasing  velocity  the  eye  will  lose  sight  of  the  teeth,  and 
the  ear  will  at  last  hear  only  a  smooth  continued  sound,  caUed 
a  tone,  of  which  the  character  will  change  with  the  velocity  of 
the  wheel. 

In  like  manner  the  vibrations  of  a  long  harp-string,  while  it 
15  very  slack,  are  separately  visible,  and  the  pulses  produced 
by  it  in  the  air  are  separately  audible;  but  as  it  is  gradually 
tightened,  its  vibrations  quicken,  and  the  eye  soon  seesy  where 
it  is  moving,  only  a  broad  shadowy  line;  the  distinct  sounds 
which  the  ear  lately  perceived,  run  together,  owing  to  the 
shortness  of  the  intervals,  and  are  felt  as  one  uniform  continu- 
ed tone,  which  constitutes  the  note  or  sound  proper  to  the 
string. 

It  is  the  elasticity  of  such  a  string  which  causes  the  repetition 
of  the  percussions,  and  therefore  the  continuance  of  the  sound. 
Thus; — ^the  string  having  been  polled  at  its  middle  to  one  side^ 
and  then  let  go,  it»  elasticity  carries  it  back  quickly  to  the 
stnigbt position;  but  by  the  time  that  it  has  reached  this,  it  has 
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aecpjtred  ft  mometitunn  which,  tike  the  momentum  of  a  Tibra"^ 
tinp;  penduhim,  carries  it  nearly  as  far  beyond  the  middle  station 
as  the  place  from  whence  it  came; — it  has  ta  return  therefore 
from  this  second  deviation,  by  its  elasticity,  in  the  same  way; 
but  still  passing  the  middle  as  before,  it  has  again  to  return;, 
and  thus  continues  vibrating  as  a  pendulum  does,  until  the  resis- 
tance  of  the  air  and  friction  bring  it  gradually  to  rest.  A  large 
vibration  of  any  one  string  occupies  very  nearly  the  same  time 
as  a  smaller,  because  the  more  that  the  string  is  bent,  the  more 
forcibly  it  is  pulled  back  again  by  its  elasticity:  hence  the  uni- 
formity of  a  musical  tone.  According  as  the  vibrations  of  a 
string  are  quicker,  the  impulses  given  to  the  air  by  it  are  of 
course  individually  more  sharp  or  forcible,  and  hence  the  sound 
becomes  louder.  Vibrations  which  are  comparatively  few  and 
slow,  strike  the  ear  very  gently,  as^  in  the  flapping  of  a  pigeon V 
wing,  or  in  the  play  of  a  switch^ 

The  most  familiar  instance  of  sounding  vibration  is  that  of  an 
elastic  cord  extended  between  two  fixed  points,  as  in  all  stringed 
instruments  of  music:  but  from  the  resemblance  in  the  motion 
of  elastic  bodies  generally  ta  that  of  a  pendulum,  almost  all  such 
bodies  will  repeat  an  impulse  once  given  to  them,  and  thus  may 
become  the  means  of  producing  a  continued  sound. — If  a  solid 
rod  of  steel,  glass,  or  any  other  elastic  substance,  be  fixed  firmly 
at  one  end  and  left  free  «t  the  other,  and  if  this  other  be  then 
pulled  a  little  to  one  side  of  its  station  of  rest,,  and  suddenly  let 
go,  it  will  seek  its  station  again,  and  will  go  beyond  it  by  the 
momentum  acquired  in  the  approach:  it  will  then  return,  and 
continue  the  vibratory  movement  for  a  considerable  time. — A 
boy  at  school  sticks  the  point  of  hifr  penknife  into  the  bench,, 
and  by  one  touch  makes  it  produce  a  continued  uniform  sound. 
— ^The  prongs  of  a  tuning-fork,  or  of  the  common  sugar-tongs,, 
vibrate  and  sound  in  the  same  way. — In  the  common  musical 
snuff-boxes  and  chimney-clocks,  the  sounds  are  produced  by  the 
vibration  of  little  rods  of  steel,  fixed  by  one  end,  in  a  row,  like . 
the  teeth  of  a  comb. — The  reed  of  a  clarionet  is  a  thin  plate  of 
•lastic  wood^  made  }•  vibrate  by  the  pasaing  breath,  and  which. 
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by  stopping  the  current  of  air  for  an  instant  at  eacb^vibrationy 
produces  a  repetition  of  pulses,  or  sound.  Elastic  rods  simply- 
resting  on  supports  at  both  ends;  or  suspended  by  their  middle, 
will  also  vibrate:  a  musical  instrument  is  thus  made  of  pieces  of 
glass  laid  upon  two  strings,  and  struck  by  a  cork  hammer:  in 
the  island  of  Java,  a  rude  instrument  of  the  same  kind  is  made 
of  blocks  of  hard  elastic  wood. — The  half  of  a  hollow  sphere  of 
elastic  metal  very  readily  takes  on  a  vibration,  during  which  its 
form  is  constantly  changing  from  the  perfect  round  to  the  oval 
and  conversely;  there  is  consequently  repeated  percussion  of  the 
air,  and  a  continued  sound,  and  the  thing  is  called  a  bell.  A 
bell  admits  of  variety  of  shape,  and  may  be  made  of  any  elastic 
substance,  as  metal,  glass,  earthenware  (buyers  ring  earthenware 
to  ascertain  its  soundness,)  and  even  of  hard  wood.— The 
Chinese  gong  is  a  metallic  vessel  shaped  like  a  common  sieve, 
having  a  manner  of  vibration  very  peculiar,  and  producing 
sounds  that  are  rousing  and  sublime.  The  drum  has  a  tense 
elastic  membrane  on  which  the  blows  of  the  drumstick  are  re- 
ceived: its  tone  ceases  quickly,  because  the  motion  of  its  broad 
surface  is  much  resisted  by  the  air. — In  the  flute,  flageolets 
organ-pipes,  &c.  the  air  is  forced  through  narrow  passages,  and 
is  divided  by  sharp  edges,  in  a  way  to  suffer  constant  but  per- 
fectly regular  condensations  or  interruptions  sufficient  to  affect 
the  ear;  and  hence  the  endless  variety  o£  sweet  continued  sounds 
which  these  contrivances  are  known  to  produce.  < 

To  the  perfection  of  a  tone,  it  is  of  no  consequence  in  what 
way  the  pulses  of  the  air  are  produced,  provided  they  follow 
with  sufficient  regularity:  witness  the  pure  sound  produced  by 
the  motion  of  a  fly's  wing — supposed  by  many  to  be  the  voice 
of  the  insect.  The  clacking  of  a  cornmill,  and  the  noise  of  a 
stick  pulled  along  a  grating,  are  not  musical,  only  because  the 
pulses  follow  too  slowly. 

Where  a  continued  sound  is  produced  by  impulses  which  do 
not,  like  those  of  an  elastic  body,  follow  in  regular  succession^ 
the  effect  ceases  to  be  a  clear  uniform  sound  or  tone,  and  is  called 
a  noise. — Such  is  the  sound  of  a  saw  or  grindstone^— the  roar 
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of  waves  breaking  on  a  rocky  shore,  or  of  a  violent  wind  in  a 
forest — ^the  roar  and  crackling  of  houses  or  of  a  wood  in  flames 
—the  mixed  voices  of  a  talking  multitude — ^the  diversified 
sounds  of  a  great  city,  including  the' rattling  of  wheels,  the 
clanking  of  hammers,  the  voices  of  street-criers,  the  noises  of 
manufactories,  &c. :  which  rough  elements,  however,  at  last 
mingle  with  such  uniformity,  that  the  combined  result  is  often 
called  the  hum  of  men,  from  analogy  to  the  smooth  mingling 
miniature  sounds  which  constitute  the  hum  of  a  bee-hive. 

^'  Grave  and  sharp  sounds,''    {See  the  analysis.) 

'  The  difference  of  sounds,  which  depends  on  the  different 
number  of  vibrations  in  a  given  time  of  the  sounding  body, 
divides  them  Into  classes:  called  bass^  low^  or  grave  notes,  for 
the  slow  vibrations;  and  high  shrill,  or  sharp  notes  for  those 
that  are  quick. 

The  frequency  of  vibrations  in  strings  increases  with  their 
shortness,  lightness,  and  tension — ^for  if  a  string  be  long  or 
heavy,  there  is  a  greater  mass  of  matter  to  be  moved,  a!^d  hence 
a  slower  motion;  and  if  a  string  be  slack,  the  force  of  elasticity f 
which  pulls  it  from  any  deviation,  back  to  the  straight  line,  is 
so  much  the  less.  It  is  found  that  a  string  of  half  a  given  length, 
or  of  one-fourth  of  a  given  weight,  or  of  quadruple  tension,  vi- 
brates twice  as  fast  on  any  one  of  these  accounts. 

These  truths  are  familiarly  illustrated  in  the  violin.  The 
low  or  bass  string  is  thick  and  very  heavy  from  being  covered 
with  metallic  wire,  and  the  others  gradually  diminish  in  magni- 
tude and  weight,  up  to  the  smallest  or  treble.  They  are  tuned 
to  each  other  by  being  attached  to  pins,  which,  by  turning,  in- 
crease or  diminish  their  tension;  and  the  sound  produced  by 
each  may  be  afterwards  varied  to  a  great  extent,  by  pressing 
different  parts  of  it  with  the  finger  against  the  board,  so  as  to 
shorten  the  vibrating  portion. 

An  analogous  law,  as  to  the  influence  upon  tone,  of  weight 
and  dimension,  holds  with  respect  to  bells,  glasses,  reeds,  &c., 
and  enables  us  to  use  these  in  the  construction  of  musical  instru- 
ments. 
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3.  *^  When  the  number  of  impulses  producing  some  eoniin" 
ued  sound  has  a  simple  relation^  as  of  half  y  thirds  feurtkj 
4*c.  to  the  number  producing  some  other  so%ind  which  is 
heard  either  simultaneously  with  itj  or  a  little  b^ore  or 
after  J  the  ear  is  generally  much  and  pleasingly  affected 
by  the  circumstance;  and  such  sounds  are  said  to  have 
musical  relation  to  each  other,  or  to  be  concords,  while 
all  others  are  termed  discords,  {Read  the  analysis,  page. 
402.) 

Understanding  now  that  all  continued  uniform  sounds  are  pro- 
duced by  a  repetition  of  similar  floats  or  vibrationsy  we  perceive 
that  in  the  series  from  grave  to  sharp,  there  must  be  such  as, 
with  respect  to  the  number  of  beats  in  a  given  time,  are  related 
to  each  other,  as  I,  2,  3,  4,  4*c.)  or,  which  is  the  something,  as 
10,  20,  30,  40,  ifc.  Now  as  between  two  sounds,  one  of  which 
has  20  beats,  while  another  has  10,  there  must  be  a  coincidence 
mt  every  second  beat  of  the  quicker,  and  between  sounds  whose 
beats  are  to  each  other  as  30  to  20,  there  mdst  be  a  coincidence 
at  ever^  third  beat  of  the  quicker,  and  86  forth;  we  should  na- 
turely  expect  the  ear  to  be  differefitly  affected  by  such  corres- 
pondence, than  when  the  coincidence  is  either  less  frequent,  or 
is  irregular.  Accordingly  we  find  that  all  sounds  which  have 
simple  reflations  to  each  other,  arc  remarkably  agreeable  to  the 
ear,  either  when  beard  together,  or  in  close  succession;  while 
those  in  which  the  coincident  beats  are  farther  apart,  are  heard 
%vith  indifference,  or  are  felt  to  be  positively  harsh  and  disagree- 
able— It  is  a  fact  meriting  notice  here,  that  the  coincident  or 
double  pulses  of  any  two  concordant  sounds  become  the  elements 
of  a  third  sound,  which  is  always  heard  with  them,  and  is  cal- 
led their  grave  harmonic. 

If  a  long  musical  string  be  made  to  sound,  and  the  number  of 
its  vibrations  in  a  given  time  be  ascertained,  we  find  that  half 
of  it  used  as  a  whole  will  vibrate  twice  as  fast;  a  third  part,  three 
times  as  fast;  a  fourth  part,  four  times  as  fast;  and  so  on,  pro- 
ducing the  sounds  or  tones  most  nearly  related  to  each  other.  A 
fine  illustration  of  this  is  afforded  by  the  string  of  a  violincello, 
when  made  to  vibrate  by  moving  a  bow  very  gently  across  it. 
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near  the  briH^^e;  there  are  then  heard  not  only  the  sound  or  note 
beloniring  to  the  whole  lenf^th  of  the  string,  but  also,  more  feebly^ 
the  subordinate  notes  belonging  to  its  half,  its  third,  its  fourth, 
&c.  beautifully  mingling  with  the  first  sound,  and  forming  with 
it  a  rich  harmony.  Often  in  such  a  case  the  subordinate  sounds 
swell  with  such  force  as  to  overpower  for  a  time  the  fundamen- 
tal note;  and  then,  if  the  string  be  carefully  examined,  it  will 
be  found  to  be  vibrating,  not  as  a  whole,  but  in  two,  three,  or 
four  distinct  portions,  with  points  of  rest  between  them,  on 
which  points  little  bits  of  paper  thrown  will  remain,  but  will  be 
shaken  off  from  every  other  part  The  same  harmonic  sounds 
may  be  produced,  while  drawing  the  bow  across  the  string,  by 
touching  the  string  lightly  with  the  finger,  at  the  points  where 
we  wish  it  to  divide. 

The  sounds  thus  belonging  to  a  single  cord  or  string,  and  pro-^ 
duced  by  its  spontaneous  division  into  different  numbers  of 
equal  parts,  constitute,  when  heard  together,  or  in  succession^ 
the  simple  music  of  nature  herself.  It  is  produced  pleasingly, 
as  just  described,  by  the  single  string  of  a  violincello;  but  in  the 
most  perfect  manner  by  the  instrument  called  the  wSolian  harp. 

The  ^olian  harp  is  a  long  box  or  case  of  light  wood,  with 
harp  or  violin  strings  extended  on  its  face.  These  are  general- 
ly tuned  in  perfect  unison  with  each  other,  or  to  the  same  pitch 
as  it  is  expressed;  but  when  the  harp  is  suspended  among  trees, 
or  in  any  situation  where  the  fluctuating  breeze  may  reach  it, 
each  string,  according  to  the  manner  in  which  it  receives  the 
blast,  sounds  either  entire,  or  breaks  into  some  of  the  simple  di'^ 
visions  Just  described;  the  result  of  which  is  the  production  of 
the  most  pleasing  combination  and  succession  of  sounds  that  ear 
has  ever  listened  to  or  fancy  perhaps  conceived.  AAer  a  pause 
this  fairy  harp  is  often  heard  beginning  with  a  low  and  solemn 
note,  like  the  bass  of  distant  music  in  the  sky:  the  sound  then 
swells  as  if  approaching,  and  other  tones  break  forth,  mingling 
with  the  first,  and  with  each  other.  In  the  combined  and  va- 
rying strain,  sometimes  one  clear  note  predominates  and  some- 
times another,  as  if  single  musicians  alternately  led  the  band: 
and  the  concert  often  seems  to  approach  and  again  to  recede^ 

3  F 
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until  with  the  unequal  breeze  it  dies  away»  and  all  is  huabed 
again. — It  is  no  wonder  that  the  ancients,  who  understood  not 
the  nature  of  air,  nor  consequently  even  of  simple  sound,  should 
have  deeihed  the  music  of  the  ^olian  harp  supernatural,  and, 
in  their  warm  imaginations,  should  have  supposed  that  it  was 
the  strain  of  invisible  beines  from  above,  descended  in  the  still- 
ness of  evening  or  night  to  commune  with  men  in  a  heavenly 
language  of  soul  intelligible  to  both.  But,  even  now  that  we 
understand  it  well,  there  are  few  persons  so  insensible  to  what 
18  delicate  and  beautiful  in  nature,  as  to  listen  to  this  wild  music 
without  emotion;  and  to  the  informed  ear  it  is  additionally  de- 
lightful, as  affording  a  fine  illustration  of  those  laws  of  sound 
which  human  ingenuity  at  last  has  traced. 

As  the  simple  scale  of  sound,  called  the  major  chords  which 
nature  thus  gives  by  the  spontaneous  dividing  of  a  single  string, 
has  eonsiderable  vacancies  in  it,  human  taste  or  feeling,  long  be- 
fore there  was  any  theory  of  music,  had  joined  to  the  notes  of 
a  chief  chord  those  also  of  another  chord  a  little  sharper  or  more 
acute,  and  those  of  another  a  little  more  grave,  of  which  addi-^ 
tional  notes,  while  part  agreed,  or  were  in  unison  with  certain 
tones  of  the  principal  chord,  the  remainder  just  served  to  fill  up 
its  larger  intervals,  and  to  complete  a  scale  of  nearly  uniform  in* 
tervals,  as  three  ladders  having  unequal  intervals  between  their 
steps,  might  still,  if  placed  together,  complete  a  stair  of  easy  as* 
cent.  The  relation  between  the  chords  is  the  same  as  would  exist 
between  ladders  similarly  divided,  but  of  which  the  middle  or 
principal  were  only  two-thirds  as  long  as  the  longest,  and  the 
shortest  were  only  two-thirds  as  long  as  the  principal.  So  truly 
natural  is  tite  scale  thus  formed,  that  it  has  arisen  in  all  nations, 
however  remote  or  unconnected;  and  an  untutored  individual^ 
in  attempting  to  raise  his  voice  by  regular  steps,  falls  into  it  al-> 
most  as  readily  as  the  learned  professor.  The  scale  has  eight  stq>s 
or  notes,  between  any  principal  or  fundamental  tone,  and  the  tone 
above  it  vibrating  twice  as  fast,  or  the  tone  below  it  vibrating 
half  as  fast:  these  two  tones  or  notes  are  hence  called  the  oc- 
tavts  above  and  below  the  kty  note,  and  the  intermediate  motea 
which  fill  up  either  octave,  are  distinguished  by  the  names  of 
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second,  thirds  fourth,  ftc.  The  numbers  which  express  the 
relations  of  beats  among  the  notes  of  an  octave  are  easily  found, 
from  our  knowing  the  relative  number  of  beats  in  the  notes  of 
any  one  simple  chord,  and  our  knowing  that  in  the  compound 
scale  of  three  chords,  the  corresponding  notes  of  the  higher 
beat  thrice  for  twice  of  the  principal,  and  the  corresponding 
notes  of  the  principal  beat  thrice  fcnr  twice  of  the  grave  cord. 
the  following  is  the  arithmetical  expression  for  the  notes  of  an 
octave,  \  i  i  i  i  i  V^.  The  scale  however  far  extended,  is  a 
repetition  of  similar  octaves,  so  that  any  note  in  it  vibrates  just 
twice  as  often  as  the  corresponding  note  In  the  octave  below, 
and  half  as  often  as  that  in  the  octave  above.  The  lowest  note 
which  is  perceptible  to  the  human  ear  has  about  thirty  beats  in 
a  second,  and  the  highest,  about  thirty  thousand;  and  there  is 
included  between  these  two,  a  range  of  nearly  ten  octaves.  To 
certain  ears  t|)e  extremes  of  this  range  are  inaudible  or  inappre- 
ciable. Some  persons  do  not  hear  at  all  the  shaip  note  of  the 
grasshopper,  while  some  cannot  distinguish  among  the  lowest 
tones  of  an  organ  or  piano;  and  yet  to  all,  the  perception  of  in- 
termediate sounds  may  be  very  perfect  Few  musical  instru- 
ments comprehend  more  than  six  octaves,  and  the  human  voice 
in  general  has  only  from  one  to  three,  the  male  voice  being  in 
pitch  an  octave  lower  than  the  female. 

If  the  intervals  in  the  musical  scale  were  all  equal,  a  perform- 
er might  choose  indifferently  any  note  as  a  fundamental  or  key 
note,  and  would  only  have  to  attend  to  the  number  of  intervals 
above  and  below;  but,  in  fact»  the  third  and  seventh  intervals  in 
ascending  from  a  key  note  are  only  about  half  a»  large  as  the 
others.  It  is  owing  to  this  circumstance  that  in  changing  the 
key  on  any  instrument,  certain  notes  belonging  to  other  keys 
are  half  a  note  too  flat  or  too  sharp,  and  must  be  changed  ac- 
cordingly. It  is  on  this  account  that  when  an  instrument  is  used 
to  play  in  all  keys,  its  larger  intervals  must  be  divided  into  two 
parts.  The  fact  of  unequal  intervals,  ill  understood,  is  what 
gives  an  appearance  of  great  complexity  and  difficulty  to  musi- 
cal science. 

Melody f  in  muaic,  i»  when  notes  having  the  simple  numeri- 
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cal  relatione  of  beat  which  we  have  been  describing  are  played 
in  succession:  Harmony  is  when  two  or  more  such  notes  are- 
sounded  together.  The  effect  of  both  is  delightfully  increased 
by  niaking  the  duration  of  the  notes  or  strain  correspond  with 
certain  regular  divisions  of  time.  This  gives  to  the  ear  a  pre* 
science,  to  a  certain  degree,  of  what  is  coming,  with  the  plea- 
sure of  having  expectation  realized,  as  it  is  by  the  metre  and 
rhyme  of  poetry:  it  also  enables  the  memory  to  retain  musical 
combinations  of  sound — for  the  airs  of  the  ^olian  harp,  which 
observe  no  time^  cannot  be  repeated.  The  music  of  a  single 
drum  is  that  of  time  only. 

Melody^  harmony ^  iime^  and  varying  intensity  of  soundf 
are  the  four  constituents  of  music,  and  it  seems  that  almost  every 
state  of  mind  has,  in  some  combination  of  these,  an  appropriate 
expression,  intelligible  to  the  general  feeling  of  tlie  human  race. 
The  exact  relation  between  the  movements  of  the  animal  spirits, 
as  it  has  been  expressed,  or  the  fluctuating  stream  of  excited 
feeling,  and  the  varying  flow  of  sound  in  a  musical  composition, 
is  not  well  understood,  but  the  fact  of  their  correspondence  and 
its  consequences  are  most  remarkable.  Under  many  circuQi- 
stances,  the  association  between  the  feeling  and  the  expression 
is  so  strong,  that  the  latter  is  often  spontanoeusly  betraying  itself; 
— witness  the  almost  constant  humming,  or  low  song,  of  some 
contented  beiogs — the  singing  and  whistling  of  careless  child- 
hood, or  of  the  light-hearted  rustic  who  lives  among  the  beauties 
of  nature — ^the  hearUrousing  strain  of  the  hunter  or  warrior — 
and  the  tender  expression  of  many  of  the  modifications  of  anxiety 
and  sorrow. — The  musical  sensibilities  are  by  no  means  limited 
to  the  human  race,  for  where  is  there  expression  more  exquisite 
than  in  the  song  of  the  nightingale  during  the  evenings  of  spring, 
or  of  the  thrush  and  blackbird,  amid  the  quiet  retreats  of  our 
woodlands? — and  the  music  of  these  untutored  songsters  is  made 
up  of  the  same  elements  as  our  own. 

The  accompaniment  of  an  air  afforded  to  a  singer  by  one  or 
more  instruments,  and  which  is  so  pleasing,  is  chiefly  the  sound* 
ing  simultaneously,  in  a  subdued  manner,  some  other  notes  of 
the  ehords  to  which  the  several  vocal  notes  belong.    JDueUs 


M17SIC.  419 

and  more  complicated  concert-pieces  have  their  origin  from  the 
same  source:  and  highly  cultivated  musical  sense  can  even  fol- 
low and  enjoy  several  melodies  played  together. 

Musical  notes,  by  whatever  instrument  produced,  have  to 
each  other  the  same  numerical  relations  in  the  beats  or  vibrations 
which  constitute  them.  .The  different  qualities  of  tone,  there- 
fore, from  different  instruments,  can  only  depend  on  the  pe* 
culiarities  of  the  single  beats,  as  to  whether  they  are  sharp  or 
soft,  strong  or  weak,  &c.  Such  is  he  extraordinary  nicety  of 
perception  which  the  human  ear  possesses  in  this  respect,  that 
it  can  not  only  distinguish  different  kinds  of  instruments  play- 
ing the  same  note,  but  different  instruments  of  the  same  kind, 
even  to  the  extent,  for  instance,  of  recognizing  each  one  of  a 
hundred  voices  singing  the  same  air.  One  of  the  greatest 
charms  of  concert  music,  is  that  the  voice  and  the  different  in- 
struments may  take  up  successively  the  parts  of  the  strain  suited 
to  their  individual  expression — the  flute  and  clarionet,  for  in- 
stance, breathe  softness;  the  tnimpet  and  drum  arouse;  the  harp 
rolls  out  its  brilliant  chords;  the  violin  leads  the  flowing  sound 
through  rapid  and  endless  variety;  and  so  of  the  rest. 

That  there  might  be  correspondence  in  instruments  when 
played  together,  and  a  known  pitch  when  played  apart,  it  be- 
came necessary  to  fix  on  some  tone  or  number  of  vibrations  as 
a  point  of  comparison.  Hence  tuning-forks  have  been  made 
with  length  of  prongs  calculated  to  produce  some  certain  note; 
and  when  the  note  of  the  same  name  on  any  instrument  is  tuned 
in  unison  with  this,  the  other  notes  can  be  easily  adjusted  accord- 
ing to  the  harmonic  relations  above  explained. 

Almost  every  substance  or  contrivance  that  can  produce  a 
uniform  continued  sound  may  enter  into  the  composition  of  a 
musical  instrument:  hence  the  almost  endless  variety  which  the 
world  has  seen.  The  chief  classes  of  instruments  are  stringed 
instruments,  wind  instrtiments,  and  bells  or  rods. 

Of  the  stringed  instruments,  we  may  mention  the  harpj  the 
fyreor  tute^  the  guitar ^  the  violin  of  all  sizes,  and  \h^ piano- 
forte* The  harp,  lyre,  and  lute,  were  the  inventions  of  antiqui- 
ty, and  have  broaght  down  with  them  to  the  present  times  a 
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thousand  delightful  associatioDfl.  They  awakened  to  inspirattoft 
the  hards  and  poets  of  the  young  world,  and  they  were  the  be* 
loved  companions'of  many  of  the  noblest  minds  of  succeeding 
times.  Their  great  charm  was  in  their  power  to  heighten  the 
emotions  produced  by  music's  twin  sister,  poetry;  and  the  effectft 
seem  to  have  been  magical. — ^The  other  instruments  mentioned 
are  of  comparatively  modern  invention,  particularly  the  piano-* 
forte;  and  their  perfection  has  assisted  in  carrying  the  pniciic^ 
of  music  to  degress  of  complexity  and  difficulty,  of  which  an* 
tiquity,  dreamed  not  It  is  a  question,  however,  whether  the 
style  of  the  music  now  in  vogue  do  not  prove  rather  a  degene* 
racy,  than  a  desirable  ^refinement  of  musical  taste.  Music  is  a 
language  of  nature,  intelligible  at  once  to  all  susceptible  mindSy. 
and,  in  a  degree,  even  to  inferior  animals;  but  nsodern  art  is  at^ 
tempting  to  make  of  it  an  artificial  and  conventional  language^ 
in  which  there  may  be  fashion  and  change.  The  ornaments 
and  accompaniments  are  now  often  so  overwhelming,  tliat  the 
melody  f  in  which  the  idea  and  sentiment  really  reside,  is  almost 
lost;  and  an  unpractised  ear,  particularly  if  listening  to  an  arganf 
often  discovers  only  an  unmeaning  succession  of  chords.  And 
when,  in  singing,  the  natural  simplicity  of  melody  is  abandoned^ 
in  straining  to  execute  with  the  voice  the  complicated  movements 
which  belong  properly  to  instrumental  accompaniment,  the  at- 
tempt destroys  the  poetry,  by  either  rendering  the  words  inau- 
dible, or  by  sacrificing  their  natural  expression  to  some  supposed 
appropriate  expression  of  the  ornamental  music.  These  consi- 
derations may  account  in  part  for  the  insensibility  of  so  many 
highly  endowed  persons  to  what  is  now  called  excellent  musict 
It  must  be  allowed,  however,  that  the  changed  state  of  society 
has  also  its  influence,  music  being  an  appropriate  expression 
rather  of  such  high  mental  excitement  as  existed  among  the  con- 
tentions, and  uncertainties  of  the  ancient  Greek  states,  than  of 
the  calmer  confidence  and  security  which  have  come  with 
modern  civilization. — The  tricks  on  the  voice  and  on  instru- 
ments, now  so  common,  rank  truly  with  tumbling  and  rope* 
dancing,  and  are  no  more  natural  music  than  the  others  are  gisee* 
ful  gesture.   And  when  we  hev  noted  ftfofessors  avow  tfareir  io»- 
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biHty  to  sing  a  simple  ballad,  or  to  play  an  unadorned  melodv, 
must  we  not  conclude  that  the  natural  sense  of  music  has  left 
tiienii  as  the  reliafc  for  nature's  fare  has  left  the  morbid  epicure. 

The  guitar  J  as  affording  an  accompaniment  to  vocal  music, 
has  many  advantages.  It  is  not  too  loud,  although  the  strains 
are  distinct:  it  admits  of  very  touching  expression;  it  is  very 
easily  learned  by  all  who  should  attempt  to  learn  music  at  all; 
it  is  portable  and  cheap.  The  great  facility  of  accompaniment 
on  it  depends  on  this,  that  the  player  is  able  by  one  position  of 
the  hand  to  touch  the  strings  so  that  the  sounds  of  all  the  six 
shall  belong  to  the  same  chord: — ^three  positions  of  the  hand, 
therefore,  for  one  key,  produce  all  the  notes  and  chords  which  a 
simple  accompaniment  requires;  and  the  hand  soon  falls  into 
these  so  readily,  that  the  player  is  hardly  sensible  of  exerting 
volition. 

Wind  instruments  are,  the^u/e,  the  flageotet,  the  organ^ 
the  clarionet^  the  hautboy ^  the  fiom^  the  trumpets,  &c.  The 
pitch  or  tone  of  a  wind  instrument,  just  as  of  a  musical  string, 
has  relation  to  its  length;  and  the  vibrations  causing  the  sound 
seem  to  be  waves  or  condensations  of  air  passing  from  the  mouth 
to  the  extremity  of  the  tube,  and  back  again: — being  more  fre- 
quent, therefore,  as  the  tube  is  shorter.  It  sppears  also,  that 
on  blowing  more  strongly,  the  air  in  the  tube  divides  into  sep- 
'  arate  vibrating  portions,  as  a  string  may  divide,  and  produces 
Uius  all  the  harmonic  sounds  belonging  to  the  fundamental  note. 
By  blowing  into  a  common  German  flute,  for  instance,  it  is  pos« 
sible  to  produce  five  ascending  harmonics  without  moving  the 
fingers  at  all.  The  music  of  a  trumpet  is  limited  to  these  five 
notes  of  the  same  chord;  but  in  the  flute,  and  other  instruments 
with  holes,  the  effective  length  of  the  tube  is  calculated  from  the 
upper  end  to  the  nearest  hole  left  open;  and  each  length  has  its 
harmonics.—- The  sounds  of  the  human  voice  are  the  sweetest  of 
all,  and  are  produced  by  the  vibrations  of  two  delicate  membranes 
situated  at  the  top  of  the  windpipe,  with  a  slit  or  opening,  cal* 
led  the  glotiiSy  left  between  them,  for  the  passage  of  the  air. 
The  tones  of  the  voice  are  grave  or  acute,  according  to  the  vary- 
ing tensiOQ  of  these  membranes,  and  to  the  size  of  the  opening. 
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In  the  OTjB^an  there  is  a  pipe  for  each  note,  and  wind  is  admitted 
from  the  bellows  to  the  pipes,  by  the  action  of  keys,  like  those 
of  a  piano-forte.  The  organ  may  be  played  also  very  perfectly 
by  a  barrel,  made  to  turn  slowly  under  the  keys,  and  to  lift  the 
keys  in  passing,  by  pins  projecting  from  it  at  the  required  situ- 
ations. Very  complicated  pieces  of  music  are  thus  set  on  bar- 
rels, but  at  great  cost  of  study  and  labour,  and  therefore  of  money : 
now  a  plain  barrel,  made  to  turn  near  the  keys  of  an  organ  during 
performance  on  it  by  the  hands,  might  be  made  to  record  with 
mathematical  accuracy  every  touch  of  the  most  finished  player, 
viz.  by  receiving  marks  of  some  kind  from  the  keys  as  they  were 
lifted: — ^to  repeat  with  absolute  accuracy,  therefore,  any  perfor- 
mance, however  delicate  and  exquisite,  it  would  only  be  neces- 
sary to  drive  pins  into  the  barrel  where  the  marks  remained, 
and  afterwards  to  make  these  pins  lift  the  keys.  The  author 
does  not  know  that  this  idea  has  ever  been  acted  on/  or  jnd^ed 
has  ever  occurred  before. 

Bells  are  often  conjoined  in  sets,  having  the  musical  rela- 
tions, and  to  some  persons  their  music  is  very  agreeable. 
There  are  a  loudness  and  solemnity  in  the  tolling  of  a  single 
bell  which  makes  it  a  fit  accompaniment  of  funeral  rites. 

The  Chinese  gong  partakes  of  the  nature  both  of  a  bell  and 
of  a  great  drum,  and  has  something  in  its  sound  which  is  singu- 
larly afiecting.  In  its  own  country  it  bears  a  part  in  one  of  the 
most  imposing  ceremonies  which  man  has  ever  imagined.  Oo 
certain  festivals,  as  the  sun  is  sinking  in  the  west,  the.  whole 
population  of  China,— a  host  of  more  than  a  hundred  millions, 
^^-issues  forth,  under  the  single  canopy  of  heaven,  to  testify^ 
amid  the  thunder  of  gongs  and  the  continued  discharge  of  fire- 
works, that  adoration  and  gratitude  towards  the  Deity,  which 
human  nature,  in  all  ages  and  climes  has  felt  to  be  due  and  has 
eagerly  sought  to  express,  however  blind  as  to  the  sublime  aim* 
plicity  of  religious  truth. 

Bells  or  goblets  of  glass  sound  still  more  perfectly  than  those 
of  metal,  and  by  gentle  friction  on  their  edges  with  a  bow.or 
the  wetted  finger,  their  tones  may  be  continued  for  any  length 
of  time,  and  may  be  made  td  swell  and  diminish  like  the  hu- 
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man  voice  or  the  notes  of  a  violin.  A  set  of  glasses,  therefore, 
attuned  to  each  other,  according  to  the  harmonic  scale,  becomes 
for  certain  species  of  music,  the  most  perfect  of  all  instruments. 
It  is  in  fact  an  JRoVian  harp  at  command.  Dr.  Franklin,  who 
first  constructed  a  set,  doubled  the  long  line  of  glasses  upon  it- 
self, and  placed  the  half-notes  as  outside  rows.  The  author, 
however,  during  some  experiments  on  sound,  found  the  zig- 
zag arrangement  here  represented  to  possess  many  advantages. 

The  small  open  circles  represent 
the  mouths  of  the  glasses  standing 
in  a  box  a  b  c^  and  the  relation  of 
the  glasses  to  the  written  musical 
notes  is  shown  by  the  common  mu- 
sic lines  and  spaces  which  connect 
them.  The  learner  discovers  im- 
mediately that  one  row  of  the  glasses 
produces  the  notes  written  upon 
the  lines,  and  the  other  row  the 
notes  written  between  the  lines; 
and  he  is  mentally  master  of  the  instrument  by  simple  inspec- 
tion. This  arrangement  also  i*enders  the  performance  easy,  for 
the  notes  most  commonly  sounded  in  succession  are  contiguous; 
— and  the  relations  of  the  notes  forming  a  tune  are  so  obvious 
to  the  eye,  that  the  theory  of  musical  combination  and  accom- 
paniment is  learned  at  the  same  time.  The  set  of  glasses  here 
represented  has  two  octaves,  and  with  the  additional  Jlat  se- 
venth and  fourteenth^  seen  at  a  and  c,  which  when  required, 
may  be  substituted  for  the  corresponding  glasses  in  the  rows,  it 
is  capable  of  playing  the  greater  part  of  our  simple  melodies. 
The  player  stands  at  the  side  of  the  box  between  a  and  4, 
and  has  the  notes  ascending  towards  the  right  hand,  as  in  a 
piano-forte. 

Musical  ear. 

Philosophers  have  not  yet  been  able  to  account  for  a  retnark* 
able  difiference  among  individuals,  as  regards  the  perception  of 
the  triusical  relations  6f  sounds.     Many  persons,  without  under* 
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standing  any  thing  of  acoustics,  can  tell  instantly  whether  vari*- 
ous  notes  heard  together  or  in  succession,  have  the  relations  to 
each  other  which  we  call  musical,  and  which  we  now  know  to 
depend  on  the  comparative  numbers  of  beats  in  a  given  time; 
while  others  with  an  equally  perfect  sense  of  hearing  can  form 
no  judgment  on  the  suliject  The  former  are  said  to  have  a 
musical  eavj  and  the  latter  to  want  it;  and  although  cultivation 
will  raise  mediocraty  to  considerable  expertoess,  it  cannot  be- 
stow the  faculty  where  originally  deficient — Now  there  is  on 
this  subject  a  very  common  misconception,  which  proves  a  source 
of  great  mortification  on  one  side,  and  of  arrogance  on  the 
other,  viz.  that  the  possession  of  a  musical  ear,  or  the  power  of 
distinguishing  notes,  is  the  indication  of  all  the  finer  sensibili- 
ties of  the  mind,  while  the  want  of  it  proves  an  opposite  defi- 
ciency. Shakspeare's  opinion  of  him  ^<  who  hath  not  music 
in  himself,"  is  often  triumphantly  cited  as  applicable  to  all  who 
want  the  distinguishing  ear.  The  truth  however,  is,  that  many 
who  signally  excel  in  music  are  deficient  in  almost  all  else 
that  humanity  reveres, — witness  the  weak  minds  and  disorderly 
lives  of  so  many  professed  musicians, — while  many  again,  who 
have  no  musical  discrimination  are  otherwise  examples  of  excel- 
lence, and  even  as  regards  sound,  may  be  exquisitely  sensible  to 
other  beauties  and  harmonies  of  nature.  Such  may  not  be  deaf, 
for  instance,  to  the  music  of  spring,  when  all  nature  bursts  forth 
in  voice  of  rejoicing,  nor  to  the  awful  music  of  the  storm: — 
they  may  feel  as  music  the  silence  of  a  lone  wood,  after  being 
accustomed  to  the  unceasing  stir  of  multitudes — or,  the  still- 
ness of  night  in  a  great  city,  where  the  astronomer  contempla- 
ting the  wondrous  spheres  above,  bears  only  the  tonfcues  of 
passing  time  in  the  church-towers,  or  the  call  of  watchmen, 
faintly  sounding  in  the  distance.  Many  excellent  poets  have 
had  no  musical  ear. — ^The  charm  of  music  is  often  as  much  from 
early  associations  as  from  peculiar  aptitude  in  the  individuals: 
witness  the  efiects  so  well  known  of  the  Swiss  airs,  when  heard 
by  native  Swiss  in  foreign  lands; — but,  indeed,  of  the  national 
melodies  of  ail  countries — ^it  not  being  in  nature,  that  at  any  pe<^ 
riod  of  life,  or  in  any  cUme»  a  man  should  cease  to  deem  those 
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modulations  lovely,  which  in  his  infancy  and  childhood  he  learn* 
ed  from  a  parent's  voice — the  mother's,  perhaps,  whose  affec- 
tion was  so  long  around  him  as  a  shield,  whose  tears  fell  to 
chide  his  errors,  and  to  reward  where  there  was  promise  of  vir- 
tue; whose  steady  judgment  may  have  been  his  guide,  whose 
faultless  life  his  example,  and  who  in  all  things  to  him  may  have 
appeared  a  personification  of  God's  goodness  on  earth* 

It  is  the  prejudice  with  respect  to  musical  ear  and  musical 
taste  of  which  we  are  now  speaking,  that,  in  the  present  day, 
condemns  many  young  women  possessed  of  every  species  of 
loveliness  and  talent  except  that  of  noie'distingutshingf  to 
waste  years  of  precious  time  in  an  attempt  to  acquire  this  talent 
in  spite  of  nature,  and  yet,  when  they  have  succeeded  as  far  as 
they  can,  they  have  only  the  merit  of  being  machines,  with  per- 
formance, as  little  pleasing  to  true  judges,  as  would  be  the  at- 
tempt of  a  foreigner,  who  knew  only  the  alphabet  of  a  language, 
to  recite  pieces  of  expressive  poetry  in  that  language.  Such 
persons,  when  liberty  comes  to  them  with  age  or  marriage,  ge- 
nerally abandon  the  offensive  occupation;  but  tyrant  fashion  will 
force  their  daughters  to  run  the  same  course.  The  waste  of 
time  now  spoken  of,  is  only  one  of  many  evil  consequences 
which  arise  from  the  prevailing  false  notions  with  respect  to 
music;  but  the  subject  cannot  be  farther  pursued  in  this  place. 

*'  The  trembling  which  causes  the  sensation  of  sound 
spreads  in  all  bodies  solid  or  Jluid,^^  {Read  the  analysis^ 
page  402.) 

As  air  consists  of  material  particles  held  far  apart  from  each 
other  by  the  repulsion  of  heat  among  them,  we  can  conceive 
how  an  impulse  given  to  a  certain  portion  of  the  particles  is 
transmitted  to  those  beyond,  by  the  increase  of  repulsion  as 
they  approximate;  and  from  the  second  layer  in  the  same  man- 
ner to  a  third,  and  so  on.  And  as  in  fluids  the  particles  all  mu* 
tually  rest  against,  or  repel  each  other,  we  can  conceive  why  a 
motion  produced  in  any  part  of  a  mass  should  be  felt  in  every 
direction.     The  explosion  of  gun-powder,  in  which  there  is  a 
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sudden  formation  of  a  quantity  of  air,  gives  a  shock  all  round 
which  spreads  as  a  spherical  wave  to  a  great  distance. 

Although  material  particles  in  the  form  of  liquid  or  solid  are 
so  much  nearer  to  each  other  than  in  the  form  of  air^  we  still 
have  many  proofs,  as  stated  at  page  68,  that  they  are  not  in  ab^ 
solute  contact,  and  we  therefore  see  the  reason  why  the  impulses 
producing  sound  should  be  transmitted  through  a  liquid  or  solid 
as  through  aif,  and  even  more  quickly  and  forcibly  than  in  air. 

Instances  of  air  carrying  sound  were  given  at  page  403. — As 
further  examples,  we  may  cite  the  cases  of  what  are  called  sym- 
pathetic  sounds.  Every  elastic  body  being  sonorous,  that  is 
to  say,  being  fitted  to  tremble  when  struck,  with  a  certain  fre* 
quency  of  oscillation  depending  on  its  weight  and  shape,  if  the 
air  around  it  be  made  to  tremble  by  any  cause,  with  the  velocity 
which  it  is  fitted  to  take  on  or  produce,  it  immediately  begins 
to  tremble  in  unison;  and  its  motion  or  sound  may  continue  af- 
ter the  original  cause  has  ceased. — Thus  almost  any  sound  pro- 
duced near  a  piano-forte  whose  dampers  are  raised,  finds  a  re- 
sponsive string,  and  bits  of  paper  strewed  upon  the  strings  ge- 
nerally, are  soon  shaken  off  by  those  returning  unisons  or 
octaves  to  it,  but  remain  on  the  others.  A  harp  or  guitar  in  a 
room  with  talking  company,  is  of\en  mingling  a  note  with  their 
conversation. — A  wine  glass  or  goblet  may  be  made  to  tremble, 
and  even  to  fall  from  a  table,  by  sounding  on  a  violincello  near 
it,  the  note  accordant  to  its  own. 

Sounding  bodies  vibrate  much  more  quickly,  or  have  sharper 
tones,  if  placed  in  light  hydrogen;  than  in  common  air,  and 
more  quickly  in  common  air,  than  in  any  of  the  heavier  ga8e8:<— 
because  the  lighter  the  air,  the  less  is  the  resistance  to  a  body 
moving  in  it.  Thus  also  a  bell  will  ring  under  water,  but  pro-> 
ducing  a  much  graver  sound  than  in  the  air. 

That  water  also  is  a  vehicle  of  sound,  is  proved  by  the  fact 
last  mentioned,  by  the  distinctness  with  which  the  blows  of 
workers  around  a  diving-bell  are  heard  above,  by  the  fact  that 
fishes  hear  very  acutely,  &c. 

The  following  are  instances  of  sound  conveyed  by  soliijls. — 
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A  scratch  of  a  pin  at  one  end  of  a  log  of  wood  is  directly  heard 
by  the  ear  applied  at  the  other  end,  although  through  the  air  it 
is  not  at  all  audible. — Savages  often  discover  the  proximity  of 
enemies,  or  of  prey,  by  applying  an  ear  to  the  ground  and  hearing 
their  tread. — ^The  approach  of  horsemen  at  night  is  easily  dis- 
covered in  the  same  way. — The  report  of  a  cannon  placed  on 
ice  is  carried  much  farther  by  the  ice,  than  by  the  air  around.-^ 
In  the  military  operation  of  mining,  or  cutting  a  way  under 
ground  for  the  purpose  of  entering,  a  citadel  or  blowing  up  for- 
tifications, the  approach  of  the  enemy  is  often  discovered  by 
the  subterranean  sound  of  the  pioneers'  tools. — The  awful  mut- . 
tering  of  earthquakes  is  merely  thesound  of  subterranean  explo- 
sions, conveyed  from  amazing  distances,  by  the  solid  earth. 

The  readiness  with  which  solids  receive  and  transmit  sound 
is  further  perceived  in  the  fact,  that  a  small  musical  box,  while 
held  in  the  hand,  is  scarcely  audible,  but  when  pressed  againsi 
a  table  or  a  door,  will  rival  a  little  harp.  The  vibration  com- 
municated from  the  box  pervades  the  whole  of  the  wood,  and 
the  extended  surface  then  acting  on  the  air  increases  the  effect. 
The  construction  of  violins,  harps,  guitars,  &c.,  and  of  sound- 
ing-boards generally  is  governed  by  the  same  law.  In  the 
dancing-master's  kit  or  small  fiddle,  which  he  carries  in  his  pock- 
et, there  are  the  same  strings  and  the  same  bow  as  for  a  violin, 
but  it  has  very  little  sound,  because  the  extent  of  its  surface  is 
so  small.  A  heavy  peace  of  metal  called  a  sourdine^  when  fix- 
ed upon  the  bridge  of  a  violin,  damps  the  sound,  because  it  is 
a  dead  mass  resisting  the  motion  of  the  elastic  wood. 

It  is  easy  to  ascertain  whether  a  kettle  boils,  by  putting  one 
end  of  a  stick  or  poker  on  the  lid  and  the  other  end  to  the  ear: 
the  bubbling  of  the  water  appears  louder  than  the  rattling  of  a 
carriage  in  the  street.  A  slight  blow  given  to  a  poker,  of 
which  the  end  is  held  to  the  ear,  produces  a  sound  which  is 
even  painfully  strong. 

A  superstitious  man  sleeping  in  the  upper  story  of  a  lofty 
house  had  long  heard,  during  the  stillness  of  night,  a  singular 
beating  noise,  near  the  head  of  his  bed.  There  was  nothing 
going  on  near  him  or  indeed  in  the  whole  house  to  account  for 
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it^  and  he  at  last  deemed  it  supernatural.  Accident  however 
discovered  that  in  a  cellar  at  the  bottom  and  outside  of  the  wall 
against  which  his  bed  stood,  there  was  a  wooden  clock  hanging 
of  which  the  sound  became  audible  aloft 

The  fact  of  solids  conveying  sound  so  much  more  perfectly 
than  air,  has  lately  been  applied  to  useful  purposes  in  medicine. 
Dr.  Laennec,  of  Paris,  proposed  some  years  ago  to  listen  to  what 
was  going  on  in  the  interior  of  the  body,  but  of  the  chest  par- 
ticularly, by  applying  one  end  of  a  wooden  cylinder,  which  he 
called  a  stethoscope  or  chest  inspector,  to  the  surface,  and  rest- 
,  ing  the  ear  against  the  other  end.  The  results  of  this  happy 
thought  have  been  important 

The  actions  going  on  in  the  chest  are,  the  entrance  and  exit 
of  the  air  in  respiration,  the  voice,  the  motion  of  the  blood  in 
the  heart  and  blood-vessels; — and  so  perfectly  do  all  these  de- 
clare themselves  to  a  person  listening  through  the  stethosccpe, 
that  an  ear  once  familiar  with  the  natural  and  healthy  sounds^ 
instantly  detects  certain  deviations  from  them.  Hence  this  in* 
strument  becomes  a  means  of  ascertaining  some  diseases  in  the 
chest  almost  as  effectual  as  if  there  were  convenient  windows 
for  visual  inspection:  and  when  it  is  considered  that  a  fourth  or 
fifth  part  of  the  inhabitants  of  Europe  die  of  diseases  of  the  chest, 
such  as  inflammations,  abscesses,  consumptions,  dropsical  collec- 
tions, aneurisms  and  various  affections  of  the  heart  and  blood- 
vessels, each  of  which  requires  an  appropriate  treatment,  the 
importance  of  such  a  means  may  be  judged  of.  By  many  me- 
dical men  this  instrument  was  at  first  ridiculed  as  quackery  and 
nonsense,  and  many  have  yet  to  learn  the  use  of  it  May  not 
both  of  these  facts  be  attributed  to  the  error  which  has  existed 
in  medical  education,  of  leaving  so  many  practitioners  without 
that  knowledge  of  the  general  laws  of  nature,  which  should  en- 
able them  to  appreciate  at  once  any  means  likely  to  be  useful  in 
their  art,  from  whatever  quarter  offered  ? 

"   Velocity  of  sound.^^     (See  the  analysis,) 

The  velocity  of  light  is  such,  that  for  any  distance  on  earth 
its  passage  may  be  regarded  as  instantaneous.    The  velocity  of 
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sound  is  considerably  less.-^If  a  woodman  be  observed  at  his 
occupation  on  the  hill,  his  axe  is  seen  to  fall  some  time  before 
the  sound  of  his  blow  reaches  the  ear. — ^The  flash  of  a  gun  fired 
at  a  distance  is  seen,  long  before  the  report  is  heard. 

Most  accurate  experiments  have  been  made  to  ascertain  the 
velocity  with  which  sound  travels  in  the  atmosphere;  and  it  is 
found  to  be  1,143  feet  per  second,  or  a  mile  in  about  four  seconds 
and  a  half;  varying  little  either  with  the  density  or  temperature 
of  the  air. 

By  noting  then  how  long  the  flash  of  a  gun  is  seen  before  the 
report  reaches  the  ear,  we  learn  the  distance  of  the  ship  or  bat- 
tery from  which  the  gun  is  fired.  A  chasing  ship  may  thus  of- 
ten discover  whether  she  be  nearing  or  not  the  object  of  her 
pursuit.  In  the  same  manner  the  distance  of  thunder  may  be 
ascertained:  and  the  reason  of  the  long  continued  roll  of  thunder 
is,  that  although  the  lightning  darts  instantly  through  a  chain  of 
clouds,  perhaps  of  miles  in  length,  the  claps  or  explosions  at 
each  interruption  of  the  chain  are  only  heard  successively,  as 
the  sound  arrives  at  the  ear.  The  pulse  at  the  wrist  of  a  healthy 
man  is  a  convenient  measure  of  time  for  ascertaining  distances 
by  the  motion  of  sound,— each  beat  marking  nearly  a  second, 
and  therefore  indicating  a  distance  of  nearly  a  quarter  of  a  mile. 

A  line  of  muskets  fired  at  the  same  instant  cannot  appear  a 
single  report  to  any  person  who  is  not  in  the  centre  of  a  circle, 
of  which  the  line  forms  a  part 

An  extended  orchestra  of  musicians  cannot  be  heard  equally 
well  from  all  situations  near  them. 

Wind  afiects  the  velocity  of  sound,  just  as  a  current  in  water 
afiects  the  motion  of  a  sajling  ship.  The  efiect  becomes  re* 
markable  in  a  stormy  night,  when  the  wind  either  brings  or 
resists  the  coming  sound  of  distant  bells. 

Sound  decreases  in  intensity  from  the  centre  where  it  origi- 
nates, according  to  the  same  law  as  light;  that  is  to  say,  at 
double  distance  it  is  only  one-fourth  part  as  strong,  &c« 

By  confining  it,  however,  in  tubes,  which  prevent  its  spread- 
ing, its  force  diminishes  much  less  rapidly,  and  it  will  therefore 
extend  to  much  greater  distances. — In  many  houses  and  man« 
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ufacitories  there  are  noiv  pipes  for  the  conveyance  of  soand 
leading  to  all  parts;  and  on  ringing  a  bell  to  attract  attention. 
Verbal  orders  are  given  through  them  to  great  distances. 

Sound  travels  in  water  about  four  times  quicker,  and  in  solids 
frdm  ten  to  twenty  times  quicker,  than  in  air.  The  blow  of  a 
hammer  given  to  a  wall  by  a  person  at  one  end,  may  be  heard 
twice  by  a  person  at  the  other,  viz,  almost  immediately,  if  an 
ear  be  applied  to  the  wall,  and  a  little  after  through  the  air. 

"  JReiflecHon  of  sound.  '*     {Bead  the  analysis. ) 

As  a  wave  of  water  turns  back  at  a  smooth  wall  or  obstacle, 
so  that  at  any  distance  from  this  after  the  reflection,  it  appears 
what  it  would  have  been  at  the  same  distance  beyond,  only 
moving  in  an  opposite  direction;  so  the  pulses  or  waves  of  sound 
are  regularly  reflected  from  flat  surfaces,' and  produce  what  is 
called  an  Echo.  Such  flat  surfaces  of  nature's  work  are  found 
only  among  the  rocks  and  hills;  and  hence  the  beautiful  fiction 
of  the  ancient  poets,  that  Echo  was  a  nymph  who  dwelt  con- 
cealed among  the  rocks.  Science  has  now  disclosed  the  secret 
of  the  viewless  Echo;  but  who  does  not  vividly  recollect  the 
wonder  and  delight  with  which  he  has  listened,  in  the  morning 
of  his  days,  to  his  shrill  call  returned  to  him  from  some  bold 
precipice,  across  the  plain  or  the  river,  or  sent  down  to  him 
again  from  the  vaulted  roof  of  ocean's  caves! 

The  quickness  with  which  an  echo  is  returned  to  the  spot 
where  the  sound  originates,  depends  of  course  upon  the  distance 
of  the  reflecting  surface  and,  as  sound  travels  1,142  feet  in  a  se- 
cond, a  rock  at  half  that  distance  returns  a  sound  exactly  in  one 
second.  The  number  of  syllables  that  can  be  pronounced  in  a 
second  will,  in  such  a  case,  be  repeated  distinctly,  while  the 
end  of  a  longer  story  would  mix  with  the  commencement  of  the 
echo.  The  breadth  of  a  river  may  easily  be  ascertained  where 
there  is  an  echoing  rock  on  the  farther  shore.  A  perpendicular 
mountain's  side,  or  sublime  clifis,  such  as  in  many  parts  skirt 
the  British  coasts,  return  an  audible  echo  of  artillery,  or  of  thun- 
der, to  a  distance  of  many  miles. 

If  two  bold  faces  of  rock  or  wall  be  parallel  to  each  other,  a 
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^ound  produced  between  them  is  repeated  often,  playing  like  n 
shuttlecock  between  them,  but  becoming  more  faint  each  time 
until  it  is  heard  no  more.  In  some  situations^  particularly 
when  the  sound  plays  above  the  smooth  surface  of  water^  a 
pistol-shot  may  be  counted  forty  times. 

The  resonance  of  rooms  depends  on  this  continued  reverbera- 
tion. It^often  increases  the  effect  of  music  by  converting  a 
simple  melody^  which  is  a  succession  of  notes,  into  a  harmonized 
piece,  where  each  note  is  accompanied  by  softer  accordant 
jtones;  and  a  young  flute-player  is  often  first  charmed  with  his 
own  music  when  he  finds  himself  performing  a  duett  with  Echo 
in  a  cave  or  under  a  spacious  arch: — but  resonance  injures  the 
distinctness  of  speech,  so  as  even  in  some  ill-contrived  halls  of 
assembly,  or  theatres,  to  render  the  articulation  uninteHigible. 

It  is  worthy  of  remark,  that  every  apartment  or  confined 
space  has  a  certain  musical  note  proper  to  it,  the  character  of 
which  depends  upon  the  number  of  pulses  or  repetitions  of  a 
sound  produced  there  in  a  given  time  by  the  returns  from  its 
walls.  The  velocity  of  sound  being  uniform,  this  number  must 
depend  on  the  size  of  the  apartment. 

There  is  a  curious  effect  of  echo  which  both  illustrates  the 
nature  of  the  phenomenon,  and  proves  that  a  tone  or  musical 
sound  is  merely  a  repetition  of  pulses  following  each  other  very 
quickly.  Iron  railings  are  generally  formed  of  square  bars, 
of  which  any  side,  therefore,  is  a  plane  surface,  and  may  pro- 
duce an  echo.  Now  a  sound,  such  as  the  sharp  blow  of  a  ham- 
mer, occurring  on  one  side,  and  near  the  end  of  such  a  railing, 
is  echoed  to  a  corresponding  place  on  the  other  side  by  every 
bar  in  it;  and  as  the  echoes  do  not  return  all  at  once,  but  in 
regular  succession  according  to  the  increasing  distances  of  the 
bars,  the  consequent  regular  succession  of  slight  pulses,  with 
uniform  and  small  intervals,  affects  the  ear,  not  as  the  eoh6  of 
a  single  blow,  but  as  a  eontinued  musical  tone,  the  pitch  of 
which  depends  on  the  distance  of  the  bars  from  each  other. 

That  an  echo  may  be  perfect,  the  surface  producing  it  must 
lie  plane,  and  of  some  regular  form;  for  the  wave  of  sound  re- 

3H 
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bounds  according  to  the  same  lavsr  as  a  wave  of  water,  or  a  ray 
of  light,  or  an  elastic  ball,  &c.  as  explained  at  page  114,  viz. 
perpendicularly  to  the  surface,  if  it  fall  perpendicularly,  bat  if 
it  fall  obliquely  on  one  side,  departing  with  an  equal  degree  of 
obliquity  on  the  other.     To  express  this  very  important  law 
shortly,  we  say  that  <<  the  angle  of  reflection  is  equal  to  the 
angle  of  incidence." — According  to  this  law,  any  irregular  sur- 
face must  break  an  echo;  and  if  the  irregularity  be  very  con- 
siderable, there  can  be  no  distinct  or 
^^Ji^^np^^x,^       audible  reflection  at  all.    A  regular 
<y^\\  \    /i/^ix>    concave  surface,  on  the  contrary,  as 
i       iV'i^      \      ^    ^  ?9   ^^y  concentrate  sound,  and 
i       j      I       ;  bring  all  which  falls  upon  it,  as  from 

i       i      I  abed,  to  the  same  centre  or  /ocu^ 

^  as  at  y^  so  as  to  produce  there  a  very 

powerful  effect 
We  hence  see  the  reason  why  echo  is  much  leas  perfect  from 
the  front  of  a  house  which  has  windows  and  doors  than  from 
the  plane  end,  or  any  plane  wall  of  the  same  magnitude, — and 
why  the  resonance  of  a  room,  is  so  irregular  and  indistinct  when 
the  room  contains  curtains,  carpets,  and  other  furniture,  or  a 
crowded  assembly.  Halls  for  music  have  generally  plane  bare 
walls.  Theatres  for  the  drama,  again,  have  boundaries  broken 
in  all  ways  by  rows  of  boxes,  and  various  ornaments. 

The  concentration  of  sound  by  concave  surfaces  produces 
many  curious  effects  both  in  nature  and  in  art. 

There  are  remarkable  situations  where  the  sound  from  a  cas- 
cade is  concentrated  by  the  surface  of  a  neighbouring  cave,  so 
completely  that  a  person  accidently  bringing  his  ear  into  the 
focus,  is  astounded,  as  if  the  universe  were  crashing  around  him. 
A  chair  placed  in  the  cave  so  that  a  person  sitting  down  in  it 
must  bring  his  ear  into  the  focus,  ensures  the  success  of  the 
sometimes  amusing  experiment 

The  centre  of  a  circle  is  the  focus  in  which  sound  issuing 
from  it  is  again  collected  after  reflection:  hence  the  powerful 
echo  near  the  centre  of  a  round  apartment     An  oval  has  two 
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centres  or/od — one  towards  each  end,  as  a  and  b 
— i^nd  the  nature  of  the  curve  is  such,  that  sound 
or  light,  or  heat,  issuing  around  from  one  of  the 
foci,  as  a,  is  all  directed  after  reflection  at  various 
points,  as  at  c  J  e,  &c.,  to  the  other  focus  at  b. 
Hence  a  person  uttering  a  whisper  in  one  focus  of 
an  oval  room  is  very  audible  at  the  other,  although  he  may 
not  be  heard  by  persons  placed  between.  Such  a  room  may  be 
called  a  whispering  gallery.  Concave  surfaces  facing  each 
other,  as  two  alcoves  in  a  garden,  or  covered  recesses  on  oppo- 
site sides  of  a  street  or  bridge,  will  enablp  persons  seated  in 
their  foci  to  converse  by  whispers,  notwithstanding  louder 
noises  in  the  space  between,  and  without  themselves  being 
overheard  in  that  space. 

The  reason  why  a  tube  conveys  sound  so  far,  is,  that  its  sides 
confine  or  repress,  by  a  continued  reflection,  the  advancing 
sound  which  in  the  open  air  would  quickly  spread  laterally 
and  be  dissipated.  And  the  reason  that  the  plane  surface  of  a 
smooth  wall,  or  of  water,  &c.,  also  conveys  sound  so  far,  is, 
that  it  similarly  prevents  the  lateral  spreading  and  dissipation, 
although  only  on  one  side. — Persons  far  apart  may  converse 
along  a  smooth  walL — The  clear  voice  of  a  street-crier,  in  a  town 
situated  on  the  border  of  a  lake,  may  be  heard  across  the  water 
in  a  calm  evening,  at  a  distance  of  more  than  five  miles — the 
sound  of  bells,  of  course,  is  audible  much  farther. — And  in  the 
stillness  of  night,  even  the  splashing  oars  of  a  boat  will  an- 
nounce its  approach  to  persons  waiting  at  a  great  distance. 

If  a  sound-reflecting  surface  be  curved  inwards,  that  is,  be 
concave,  it  not  only  prevents  the  spreading  of  any  sound  which 
passes  along  it,  but  is  constantly  condensing  the  sound  by  dri* 
ving  the  external  part  inwards.  Hence,  in  a  circular  space, 
such  as  a  gallery  under  a  dome,  persons  close  to  the  wall  may 
whisper  to  each  other  at  all  distances. 

An  ear-trumpet  is  a  tube  wide  at  one  end  where  the  sound 
enters,  and  narrow  at  the  other  where  the  ear  is  applied:  its  sides 
are  so  curved,  that  according  to  the  law  of  reflection,  all  the  sound 
which  enters  is  brought  to  a  focus  in  the  narrow  end.     It  tbus 
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increases  many  fold  the  intensity  of  a  sound  whieh  reaches  the 
ear  through  it,  and  enables  a  person  who  has  become  deaf  to  coin- 
mon  conversation,  to  mix  again  with  pleasure  in  society.  The 
concave  hand  held  behind  the  ear  answers  in  some  degree  the 
purpose  of  an  ear-trumpet,  and  iii  a  very  large  theatre  is  some- 
times useful  even  to  persons  of  quick  hearing. — A  notorious  in- 
stance of  a  sound-collecting  surface  was  the  ear  qf  DionjfsiuSy 
in  the  dungeons  of  Syracuse.  *  The  roof  of  the  prison  was  so 
formed  as  to  collect  the  words,  and  even  whispers  of  the  unhap- 
py prisoners,  and  to  direct  them  along  a  hidden  conduit  to  where 
the  tyrant  sat  listening.  The  wide  spread  sail  of  a  ship,  render- 
ed concave  by  a  gentle  breeze,  is  also  a  good  collector  of  sound.* 
It  happened  once  on  hoard  a  ship  sailing  along  the  eoast  of  Bra- 
zil, 100  miles  from  land,  that  the  persons  walking  on  deck,  when 
passing  a  particular  spot,  always  heard  very  distinctly  the  sound 
of  bells,  varying  as  in  human  rejoicings.  All  on  board  came  to 
listen,  and  were  convinced,  but  the  phenomenon  was  mysterious 
and  inexplicable.  Months  afterwards  it  was  ascertained,  that 
at  the  time  of  observation  the  bells  of  the  city  of  St  Salvador^ 
on  the  Brazilian  coast,  had  been  ringing  on  the  occasion  of  a 
festival — their  sound ,  therefore,  favoured  by  a  gentle  wind^  had 
travelled  over  100  miles  of  smooth  water,  and  had  been  brought 
to  a  focus  by  the  sail  in  the  particular  situation  on  the  deck  where 
it  was  listened  to.  It  appeurs  from  this  that  a  machine  might 
be  constructed  having  the  same  relation  to  sound  that  a  telescope 
has  to  light 

The  speaking  trtimpet  is  made  according  to  the  same  law  of 
reflected  sound,  with  the  view  of  directing  the  strength  of  the 
voice  to  a  particular  point.  The  sea  captain  uses  it  to  send  his 
orders  aloft,  where  the  unaided  voice  would  be  lost  in  the  noise 
of  the  wind  and  waves — or  to  hail  ships  at  a  distance.  A  simi* 
lar  form  of  mouth  is  used  for  the  bugle  horn  and  common 
trumpet,  and  fits  them  to  sound  the  note  of  command  amid  the 
uproar  of  contending  armies. 

Some  amusing  effects  have  been  produced  by  operating  on 
sounds  with  tubes  and  concave  surfaces.  What  was  termed  the 
inmsibk  girl,  was  a  contrivance  where  the  questions  of  visiters 
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were  caaght  by  a  cdncMled  concave,  and  carried  to  the  director 
who  sat  at  a  distance;  nk  his  replies,  as  in  the  whispering  gal* 
lery,  became  audible  to  the  inquirers  alone. 

The  concave,  undulating,  and  perfectly  polished  sorfaee  of 
many  sea-shells,  fits  them  to  catch,  to  concentrate,  and  to  return 
the  pulses  of  all  sounds  that  happen  to  be  trembling  about  them, 
80  as  to  produce  that  curious  resonance  from  within,  which 
closely  resembles  the  sound  of  the  distant  ocean — so  closely, 
that  the  spirited  boy,  after  studying  the  interesting  stories  of 
voyagers  which  paint  dangers  to  be  nobly  braved,  and  charms 
of  nature  to  be  seen  in  distant  lands,  often  feeds  his  imagination 
with  this  voice  of  the  shell,  and  fancies  himself  already  riding 
among  the  billows. 

7%e  animal  ear^ 

80  admirably  adapted  to  perceive  the  evanescent  trembling  of 
the  air,  has  of  course  a  structure  in  strict  relation  to  their  na- 
ture as  now  explained.  The  parts  of  the  ear,  and  the  progress  of 
sound  to  the  sentient  nerve,  may  be  simply  described  as  fol* 
lows: 

1st.  There  is  externally  a  wide- 
mouthed  tube  or  ear  trumpet  a,  for 
catching  and  concentrating  the  waves 
of  sound.  It  is  moveable  in  many 
animals,  so  that  they  can  direct  it  to 
the  place  from  which  the  sound 
comes. 

2d.  The  sound  concentrated  at  the  bottom  of  the  ear-tube, 
falls  upon  a  membrane  stretched  like  the  top  of  an  ordinary 
drum,  over  the  tympanum  or  drum  of  the  ear  ft,  and  causes 
it  to  vibrate.  That  its  motion  may  be  free,  the  air  contained 
within  the  drum  has  free  communication  with  the  external  air, 
by  the  open  passage  /,  called  the  Eustachian  tube,  leading  to 
the  back  of  the  mouth.  A  degree  of  deafness  ensues  when  this 
tube  is  obstructed,  as  by  wax;  and  a  crack  or  sudden  noise,  with 
immediate  return  of  acute  hearing,  is  generally  experienced 
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tvben,  in  the  effort  of  sneezing  or  othewiae,  the  obstractionis 
removed.  |P 

dd.  The  vibrations  of  the  membrane  of  the  drum  are  convey- 
ed farther  inwards  by  a  chain  of  four  bones  (not  here  represen- 
ed  on  account  of  their  minuteness,)  reaching  from  its  centre  to 
the  otfal  door  or  window  of  the  labyrinth  e. 

4th.  The  labyrinth,  or  complex  inner  compartment  of  the 
ear,  over  which  the  nerve  of  hearing  is  spread  as  a  lining,  is  full 
of  water;  and  therefore,  by  the  law  of  fluid  pressure  (see  page 
238,)  when  the  force  of  the  moving  membrane. of  the  drum  act- 
ing through  the  chain  of  bones,  is  made  to  compress  the  water, 
the  pressure  is  felt  instantly  over  the  whole  cavity,  as  in  a  hy- 
drostatic press. — The  labyrinth  consists  of  the  vestibule  e,  the 
three  semicircular  canals  c,  imbedded  in  the  hard  bone,  and 
a  winding  cavity,  called  the  cochlea  d,  like  that  of  a  snail- 
shell,  in  which  fibres,  stretched  across  like  harp-strings,  consti- 
tute the  lyra. — The  exact  uses  of  these  various  parts  are  not 
yet  perfectly  known.  The  membrane  of  the  tympanum  may 
be  pierced,  and  the  chain  of  bones  may  be  broken  without  loss 
of  hearing.  Considerable  diversity  of  form  and  dimension  is 
found  in  different  animals.  The  bone  containing  the  cavities  of 
the  ear  is  the  hardest  in  the  body,  and  is  the  first  formed. 

The  ear  has  the  power  of  judging  of  the  direction  in  which 
sound  comes.  This  is  strikingly  exemplified  in  the  fact  that, 
when  horses  or  mules  march  in  company  at  night,  those  in  front 
direct  their  ears  forwards;  those  in  the  rear,  turn  them  back- 
wards; and  those  in  the  centre,  turn  them  laterally  or  across; — 
the  whole  troop  seeming  to  be  actuated  by  one  feeling,  which 
watches  the  common  safety. 

The  intensity  of  sound  is  to  the  ear  a  measure  of  distance.-^ 
In  a  windy  night  the  sound  of  a  distant  bell  may  be  brought  so 
quickly,  that  it  has  not  yet  had  time  to  spread  and  be  weaken- 
ed; and  a  person  is  often  roused  from  a  reverie  by  its  unusual 
loudness  and  apparent  nearness.  When  a  stormy  wind  blows 
directly  upon  a  coast,  and  rolls  the  great  waves  in  upon  the 
sandy  beach,  or  among  the  rocks,  the  countryman  living  far  in- 
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land  hears  the  uproar,  as  if  the  ocean  had  burst  its  boundaries, 
and  were*  pouring  in  upon  the  land. — ^The  scene-contrivers  at 
our  theatres  heighten  the  illij^ton  of  an  approaching  procession, 
by  letting  the  accompanying  music  be  first  heard  from  a  closed 
chamber  or  in  a  feeble  tone,  and  afterwards  by  making  it  gradu- 
ally louder  and  louder.  To  the  imagination  perhaps  already  ex- 
cited to  tlie  highest  pitch,  by  the  drama  of  some  divine  mind, 
the  advancing  host  is  thus  more  vividly  pourtrayed,  than  it 
could  be  by  any  other  expedient;  and  when  at  last  with  the 
thunder  of  drums  and  trumpets  from  the  front  of  the  stage,  the 
troop  also  appears,  the  efiect  is  complete. — It  is  the  varying 
loudness  of  the  music  of  the  ^olian  harp  which  produces  the 
feeling  that  the  heavenly  choir  is  sonoetimes  approaching  and 
sometimes  receding. 


(   4sa   ) 
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SECTION  V. 
iMCTftnm  or  sxttidity  nr  asLATioir  to  animaij. 


Id  the  preceding  seotions,  occasional  illustrations  of  the  laws 
of  fluidity  have  been  taken  from  the  aoimai  economy:  but 
there  are  many  other  particulars  of  the  same  class^  and  of 
great  interest,  which  it  is  convenient  to  consider  apart  under 
the  four  heads  of,  Ist  The  circulation  ofAht  blood;  2d. 
The  respiration  and  voice;  3d.  77ie  digestion;  and  4th.  The 
pelvic  phenomena.  It  is  important  to  remark  here,  that 
this  section  cannot  be  understood  by  a  person  ignorant  of 
those  which  precede. 

TBK  CXSCUUtTIOW  OV  THE  BLOOD. 

Perhaps  there  are  few  points  more  remarkable  in  the  history 
of  the  progress  by  which  roan  has  arrived. at  his  present  know- 
ledge of  the  universe,  than  that  it  is  only  two  hundred  years 
since  he  discovered  that  the  blood  in  his  own  and  in  other  ani- 
mal bodies  is  constantly  circulating.  England  claims  as  one  of 
her  sons,  the  man  whose  powerful  intellect  at  last  established 
this  truth,  in  opposition  to  strong  appearances,  and  to  the  most 
fixed  prejudices.  Dr.  Harvey  published  his  proofs  in  the  year 
1619.  A  person  who  tries  to  imagine  what  the  science  of 
medicine  could  have  been  while  it  took  no  account  of  this  fact, 
on  which,  as  a  basis,  all  certain  reasoning  about  the  phenomena 
of  life  must  rest,  is  prepared  for  what  old  medical  books  exhibit 
of  the  writhings  of  human  reason,  in.  attempts  to  explain  and  to 
form  theories,  while  a  fatal  error  was  mixed  with  every  suppoai*^ 
tion. — ^The  chief  circumstance  which  prevented  the  earlier 
discovery  of  the  circulation  was»  that  on  examining  dead  bodies^ 
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the  arteries  were  always  fbond  empty  of  blood; — ^whicb  was 
the  reason^  also,  of  these  ressels  being  called  arteries^  or  air 
tubes. 

We  now  know,  that  as  the  Thames  water  spreads  over  Lon- 
don in  pipes,  to  supply  the  inhabitants  generally,  and  to  answer 
the  particolar  purposes  of  brewers,  bakers,  tanners,  and  others, 
and  is  then  in  great  part  returned  to  where  the  current  sweeps 
away  the  impurities;  so,  nearly,  in  the  human  body,  does  the 
Mood  spread  from  the  centre,  throug;h  the  arteries,  to  nourish 
all  the  parts,  and  to  supply  material  of  secretion  to  the  liver, 
the  kidneys,  the  stomach,>and  other  viscera;  and  returns  from 
these  by  die  reins,  towards  the  heart  and  lungs,  to  be  purified, 
and  to  have  its  waste  repleniriied,  that  it  may  again  renew  its 
course. 

The  circulation  may  be  more  particularly  described  thus^ 
From  the  left  chamber  or  ventricle  of  the  strong  muscular  mass 
the  hearty  a  large  tube  arises,  called  the  aorta;  and  by  a  con- 
tinued division  or  ramification,  opens  a  wav  for  the  bright  scarlet 
blood  to  every  the  minutest  part  of  the  living  ifame,-*the  ex- 
treme divisions  or  twigs  being  so  small,  that  they  are  called 
eapillary  or  hair-like  tubes.  At  the  terminations  of  these  vessels, 
the  blood  after  answering  the  purposes  of  general  nutrition,  ftc., 
by  which  it  loses  its  bright  colour,  enters  the  commencements 
of  the  mrwus  tree  or  returning  channel;  and  gliding  successively 
from  smaller  to  lai^r  branches,  returns  towards  the  right  cham^ 
ber  or  ventricle  of  the  heart,  requiring  porification  and  partial 
renewal.  Considering  the  great  arterial  and  venous  systems  of 
the  body  as  twin  trees — the  scarlet  and  ^^purpU^  with  cor- 
responding and  meeting  branches,  and  with  trunks  will  tbuch 
each  other  at  the  heart,  it  will  appear  that  they  again  completriy 
QMet  or  inosculate  by  their  extreme  roots,  and  thus  form  a  eosh 
tinued  or  circular  channel.  The  root  of  the  venous  tree  bjr 
which  the  bk>od  spreads  from  the  right  chamber  of  the  heart  to 
the  lungs,  is  calM  the  puhnonary  artery j  and  that  of  the  ar- 
terial tree,  by  which  the  blood  returns  to  the  left  chamber^  is 
called  the  polmonary  vein.  Both  of  these  ramify  in  the  spongr 
SMsser  of  <h»  hnign  ferming  «  great  |wt  of  ite  pelttonary  v^ 
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Stance.  Fresh  material  for  the  blood  is  brought  from  the  di- 
gestive  organs  by  the  lacteal  absorbents  and  thoracic  Atet^ 
and  is  constantly  pouring  into  a  large  vein  near  the  heart,  to  be 
completely  mixed  with  the  dark  or  returning  blood  by  a  violent 
agitation  or  churning  during  its  passage  through  the  heart 
The  mixture  on  leaving  the  right  ventricle  is  strained  throu{^ 
the  minute  ramifications  of  the  vessels  in  the  lungs,  and  at  the 
same  time  is  exposed  to  the  action  of  the  air  entering  the  cells 
of  the  lungs  in  respiration,  by  which  exposure  the  dark  purple 
blood  becomes  again  pure  scarlet,  and  when  it  reaches  the  left 
chamber  or  ventricle,  is  ready  to  set  out  on  its  journey  as  before, 
charged  with  new  life  and  nourishment.  The  two  chambers  or 
ventricles  of  the  heart  have  each  an  anti-chamber  or  auricle  {m 
called  from  an  external  resemblance  to  a  dog's  ear,*)  into  which 
the  blood  is  first  received  from  the  veins;  and  there  are  valvular 
doors  between  the  auricle  and  ventricle,  which  allow  the  blood 
to  pass  readily  into  the  ventricle,  but  oppose  its  recoil  during 
the  ventricular  contraction.  Similarly  acting  valves  are  placed 
between  the  ventricles  and  great  arteries.  There  are  valves  also 
in  many  of  the  veins,  over  the  body,  to  secure  the  natuaral  course 
of  the  circulation.  Besides  the  important  change  or  purification 
which  the  blood  undergoes  in  passing  through  the  lungs,  its  com- 
position is  much  influenced  by  the  action  of  the  kidneys,  of  the 
exhalants  of  the  skin,  and  of  the  liver, — ^the  two  former  reliev- 
ing it  from  superfluous  moisture  and  salts,  the  last,  from  a  lirge 
quantity  of  matter  in  the  form  of  bile. 

The  description  given  above  of  the  circulation  of  the  blood  is 
only  an  outline;  and  yet  by  showipg  the  manner  in  which  fresh 
material  enters,  it  contains  more  than  Harvey  knew  of  the  sub- 
ject In  this  department  of  knowledge,  as  in  most  others,  we 
have  advanced  from  the  very  general  and  vague,  to  the  m<Mre 
particular  and  precise: — ^nd  just  as  the  general  nature  of  steam 
was  known  long  before  it  served  in  steam-engines;  and  as 
the  period  of  the  moon's  revolution  had  been  accurately  observ- 
ed for  thousands  of  years  before  the  fluctuations  in  her  veloei* 
ty  could  be  calculated  so  as  to  make  her  the  marioer'a  best 
guide  in  his  courses  across  the  oceaD;--fl09  when  Harvey  bad 
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proved  the  simple  fact  of  the  circulation  of  the  bloody  he  had 
left  much  yet  to  be  done,  by  observing  and  reasoniug  from  mi- 
nutiae, to  render  the  knowledge  available  for  the  many  useful 
purposes  which  it  is  calculated  to  serve.  Within  a  few  years 
only,  has  the  importance  of  the  subordinate  circumstances  been 
fully  appreciatedy-*as  is  evinced  by  the  numerous  works  com- 
posed to  elucidate  them;  but  many  of  which  works  have  served 
only  to  prove,  that  if  the  difficulties  were  to  be  solved  by  natu- 
ral  philosophy,  medical  men  in  general  had  not  yet  studied  it 
sufficiently  to  be  able  to  use  it  successfully.  In  this  section  it 
will  be  attempted  to  place  certain  important  points  of  the  sub- 
ject in  a  clear  light;  and  by  referring  directly  to  the  general 
laws  of  nature,  as  explained  in  the  body  of  the  work,  to  settle 
existing  disputes  on  some  of  these  points,  to  remove  remaining 
doubts  on  others,  and  to  suggest  some  important  new  appli- 
cations. 

The  fact  of  the  circulation  of  the  blood  being  once  admitted, 
an  inquirer  who  contemplates  the  apparatus  by  which  it  is  ef- 
fected, is  led  by  the  general  analogies  of  nature  to  conceive — 
•  1st  That  the  ventricle  of  the  heart,  at  each  contraction,  emp- 
ties itself  into  the  great  artery; — 2d.  That  the  consequent  jet 
causes  a  wave  to  pass  along  to  the  extremities  of  the  arterial 
tree,  accounted  simply  elastic,  so  as  to  produce  every  where 
what  is  called  the  pulse; — 3d.  That  the  force  of  the  heart,  act- 
ing along  the  arteries,  forces  the  blood  through  their  open  ca- 
pillary extremities  into  the  commencing  veins  and  along  the 
veins  back  to  the  heart  again.  Now  these  guesses,  which  Har- 
vey believed  completely  to  describe  thd  circulation,  are  all 
nearly  true:  but  the  following  facts,  and  others  ascertained 
since  Harvey's  day,  not  exactly  squaring  with  them,  have  ren- 
dered farther  investigation  necessary. — 1st  The  pulse,  instead 
of  being  a  distinctiy progressive  wave,  is  almost  as  instanta- 
neous over  the  whole  body  as  a  shock  of  electricity; — 2d.  The 
arteries  are  all  found  empty  after  death;  and  if  an  artery  be 
tied  in  the  living  body,  the  part  beyond  the  ligature,  although 
the  action  of  the  heart  cannot  reach  it,  is  soon  emptied  through 
the  capillaries  into  the  veins; — 3d.  Although  the  rapidity  of 
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of  the  blood's  pusage  through  the  capillaries  varies  very  tnvch, 
it  does  not  vary  in  exact  accordan^ie  with  the  changes  in  the  ra- 
p^ity  or  force  of  the  heart's  action.  In  analysing  this  subject, 
it  is  convenient  to  follow  the  Uood  round  from  the  heart  to  the 
heart  again,  through  the  three  stages  of,  Yst  The  arteries; 
2d.  Tke  capillaries;  3d.   The  veins. 

Motion  qf  the  blood  in  the  arteries. 

The  contractions  of  the  heart  inject  the  blood  into  the  arte* 
ries  with  a  force  maintaining  such  a  tension  in  them,  that  ac* 
ocNrdiog  to  the  interesting  experiments  of  Dr*  Hales,  recorded 
in  his  Statical  Essays^  li  any  artery  of  a  large'animal  like  a 
horse,  be  made  to  communicate  with  an  upright  tube,  the  blood 
will  ascend  in  the  tube  to  a  height  of  about  ten  feet  above  the 
level  of  the  heart,  and  will  there  continue,  rising  and  falling  a 
few  inches  with  each  pulsation  of  the  heart  Now  a  column 
of /en  feet,  as  explained  at  page  241,  indicates  a  pressure  of 
about ybur  and  a  Aa//*  pounds  on  a  square  inch  of  surface:  this, 
therefore,  is  the  force  of  the  heart  urging  the  blood  along  the  ar^- 
teries  into  the  veins.  The  opposing  tension  of  the  veins  is  much 
less,  because,  as  will  be  explained  under  the  proper  head,  the 
hlood  readily  escapes  from  them  into  the  heart:  Hales  found 
that  in  a  tube  communicating  with  a  vein,  the  blood  stood  only 
a  few  inches  higher  than  the  level  of  the  heart.  In  small  ani- 
mals he  ascertained  the  tension  of  artery  and  vein  to  be  less 
than  in  large  onosi  and  the  ratios  deduced  for  the  human  body, 
under  ordinary  circumstances,  were  eight  feet  column,  or  near- 
ly four  pounds  per  inch  for  the  arteries:  and  half  a  foot  column, 
or  a  quarter  of  a  pound  per  inch  for  the  veins. 

Arteries  examined  after  death  are  found  to  consist  of,  1st  an 
outer  coat  of  strong  elastic  substance;  2d.  a  middle  coat  of  dr" 
cular  fibres;  and  dd.  an  inner  coat  of  smooth  lining  mem- 
hrane.  Their  elasticity  or  power  of  resisting  change  of  dimen<- 
sion,  and  of  returning  to  a  middle  state  from  either  dilatation 
or  compression,  because  remaining  in  the  dead  artery,  was 
the  most  obvious  property,  and  was  that  first  attended  to.  Mi«> 
nute  obaervation  of  the  phenomena  of  life  has  sinee  determined 
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the  ibllowing  faetoy  proring  and  inartrating  «  contn^ility  reri-^ 
dent  hi  the  fibrous  coat. 

1.  A  small  livhig  artery »  eut  acrosa,  aoon  contracts  so  as  to 
close  its  canaly  and  arrest  hemorrhage. 

8.  While  an  animal  is  bleeding  te  deatii,  the  arteries  acconh> 
modating  themselves  to  the  decreasing  quantity  of  blood,  con^ 
tract  far  beyond  the  degree  to  which  their  simple  elasticity 
woald  carry  them;  and  they  relax  again  after  death.  Dr.  Hales 
took  seventeen  quarts  of  Mood  from  a  horse  before  it  died,  in 
whose  body  only  three  quarts  more  were  found  altogether,  and 
yet  the  moment  before  death  the  tension  of  the  arteries  sustain* 
ed  a  column  of  two  feet  of  blood  in  his  experimental  tube. 

S.  The  artery  of  a  living  animal,  if  exposed  by  dissection  to 
the  air,  sometimes  wiH  contract  in  a  few  minutes  to  a  great  de» 
gree:  and  in  such  a  case,  only  a  single  fibre  of  the  artery  may 
be  effected,  narrowing  the  channel  like  a  thread  tied  round  it 
{See  Pitrry  on  the  pulse.) 

4.  When  a  living  artery  is  tied,  the  part  between  the  ligature 
and  the  nearest  branch  on  the  side  of  the  heart  gradually  con* 
tracts,  and  becomes  at  last  a  solid  or  impervious  cord. 

Fluctuation  in  the  vital  action  of  parts,  is  often  attended  with 
sudden  increase  or  diminution  of  caliber  in  the  arteries  con- 
cerned. 

Although  these  facts  prove  indubitably  a  contractility  in  the 
coats  of  arteries  distinct  from  their  elasticity,  still,  because  the 
circular  fibres  do  not  resemble  common  muscles  in  colour  or  in 
chemical  composition,  or  in  being  immediately  obedient  to  the 
stimuli  of  electricity,  pricking,  great  beat,  &c.,  their  contracti- 
lity was  by  many  persons  for  a  long  time  denied.  The  dispute, 
however,  was  often  more  about  the  words  eontracHHty  and 
muscularity y  than  about  facts. 

The  pulse  in  the  arteries,  chiefly  as  regards  its  almost  instan« 
taneous  occurrence  over  the  whole  system,  in  all  states  of  arte* 
rial  dilatation,  and  its  great  strength  and  sharpness  in  very 
small  and  remote  branches,  points  also  to  the  active  conlractili* 
ty  of  the  aterial  coats:  for, 

1.  Were  the  arterial  tree  in  the  living  body  a  system  of  tubes 
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as  readily  admtttiiig  of  farther  dilatatioa  as  in  the  dead  body,  thfe 
first  part  or  trunk  would  effect  the  motion  of  the  blood  beyond  it, 
nearly  as  the  air-vessel  (see  page  291)  placed  at  the  commence* 
ment  of  artificial  arrangements  of  water-pipes  afiects  the  motion 
of  the  water  in  them;—- that  is  to  say,  as  this  converts  the  sud- 
den and  interrupted  jets  of  water  from  pumps  of  fire-engines, 
town-supplying  pipeSf  &c.  into  a  uniform  stream  with  scarcely 
a  remnant  of  shock,  so,  in  the  arterial  branches,  the  simple  elas- 
ticity would  cause  a  more  tranquil  flow  and  a  quieter  beat  than 
that  bounding  pulse  of  life  felt  in  the  remote  artery  of  the  wrist, 
as  sensibly,  in  proportion,  as  near  the  heart  itseli 

2.  Were  the  pulse  a  wave  advancing  in  tubes  that  yielded  as 
readily  as  the  dead  arteries  in  their  middle  states  of  dilatation, 
it  would  be  veyy  distinctly  progressive  from  the  heart  to  the  ex- 
tremities; but  it  is  felt  so  instantly  over  the  whole  body,  as  to 
be  compared  commonly  to  a  shock  of  electricity. 
.  3.  A  pulse  may  be  produced  artificially  in  the  arteries  of  a 
body  recently  dead,  by  filling  them  with  water  to  the  tension  of 
life,  and  then  injecting  at  intervals,  by  a  syringe,  as  much  water 
as  the  heart  throws  of  blood  at  a  pulse:  but  although  the  artery 
is  then  distended  nearly  to  the  limit  of  its  dilatability,  and  is 
therefore  rendered  rigid,  the  beats  are  very  different  from  those 
of  the  living  pulse.  A  similar  experiment,  tried  by  connecting 
ihe  artery  of  a  dead  animal  with  the  corresponding  artery  of  a 
living  on.e,  has  a  similar  result 

4.  A  tube,  extensively  elastic,  that  it  mij^t  convey  a  wave 
of  liquid  with  a  velocity  approaching  to  that  of  the  pulse, 
.would  require  to  be  so  tense,  from  fulness,  as  to  be  discernible 
always  by  the  touch,  through  any  imbedding  medium  such  as 
flesh,  like  a  hard  cylinder  or  cord;  and  it  would  be  acting  con- 
stantly as  a  spring  tending  to  straighten  itself,  and  therefore 
.would  be  stiffening  the  parts  through  which  it  passed.  Now 
the  living  arteri^,  between  their  pulsations,  are  almost  as  soft 
and  compressible  as  the  surrounding  flesh,  and  offer  no  perceiv- 
able opposition  to  bending,  in  any  movement  of  the  parts. 
This  may  be  verified  by  examination  of  the  lips,  for  instance^ 
or  of  the  fingers;  but  when  a  person  sits  cross-lagged,  the  well- 
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known  shakiog  of  the  suspended  foot,  in  unison  with  the  pulse, 
.  shows  the  recurring  efforts  of  the  artery  to  straighten  itself^ 
during  the  moments  of  greater  tension. 

5.  A  biflky  ware  in  elastic  vessels  would  have  to  recoil  from 
the  eKtremitiet,  or  to  pass  through  them  as  a  gush:  and  the  re- 
coil would  be  particularly  observable  near  the  ligature  of  a  tied 
artery:  but  examination  has  not  detected  such  effects  in  the 
living  body.  The  tying  of  an  artery  beyond  an  aneurismal  tu- 
mour, if  it  checked  a  strong  wave,  would  almost  certainly  pro- 
duee  bursting;  yet  Mr.  Wardrope  and  others  have  lately  per- 
formed this  operation  with  successful  issue. 

6.  The  wave  would  be  more  interrupted  by  the  bandage  in 
the  openAion  of  bleeding,  than  the  living  pulse  is. 

7.  The  pulse  of  a  paralytic  limb  oft^n  seems  more  affected 
than  mere  change  of  size  in  the  artery  will  aooouut  for.  The 
same  is  true,  in  an  opposite  way,  of  the  pulse  in  an  artery  lead- 
ing to  an  inflamed  part 

8.  If  the  abdomen  of  a  living  animal  be  opened,  the  mesen- 
teric artery,  in  all  its  ramifications,  is  seen  stiffened  and  raised 
up  suddenly  with  every  pulsation,  in  a  manner  which  the  spread- 
ing of  newly  received  blood  in  a  very  yielding  vessel  ill  accounts 
for. 

9.  In  the  interesting  experiments  of  BicMfj  Parry,  and 
others,  to  ascertain  the  exact  extent  of  the  supposed  dilatation 
and  contraction  of  arteries  during  a  pulse,  not  the  slightest  de- 
gree of  either  was  discernible,  even  when  sought  for  with  mi- 
croscopes. 

To  explain  these  and  other  phenomena,  then,  it  seems  neces- 
sary to  admit,  as  occurring  throughout  the  whole  body,  and  al- 
most simultaneously  with  the  contraction  of  the  heart  itself,  such 
an  action  of  the  contractile  fibres  of  the  artieries,  as  to  modify 
their  natural  elasticity,  and  to  render  them  rigid  enough,  in  all 
degrees  of  dilatation,  for  the  heart  to  produce  its  effects  thro\igh 
them  almost  as  it  would  through  tubes  of  metal.  Dr.  Young, 
in  a  paper  published  in  the  Philosophical  Transactions  for.  1809, 
and  characterized  by  the  usual  elegance  and  precision  of  his 
writings,  has  adduced  experiments  and  calculations,  to  show  that 
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«nv68  in  ehsttc  v«$9dtf  tdrsnce  more  qoiekly  than  was  befero 
imagined;  but  the  spreading  of  the  palse  seema  .to  be  yet  more 
rapid  than  hia  calculation  anticipates. -^It  is  evident,  that  vrhett 
arteriea,  in  cpnseqnence  of  depletion,  are  cootraeted  beyond  the 
middle  station  of  their  eh»tictty,  their  tension  and  pov^er  of 
quickly  conveying  the  pulse  must  be  dependent  altogether  on  the 
eondttion  of  their  contractile  fibres. 

^  The  careful  experiments  which  could  detect  no  chanfe  of  sisse 
hi  the  arteries  dut in^^  tho  pulse,  wMle  they  disprove  the  anciettt 
belief  of  a  considerable  tumefaction  or  waTepassinf^alen^,  orot 
a  considerable  filling  and  emptying  of  arteries,  like  what  ocenrs 
in  the  heart,  might  also  be  supposed  positiveiy  to  disprove  the 
occurence  of  any  general  constriction  of  the  vessels  on\heir  con- 
tents— but  erroneously:  for  if  a  man's  arterhi]  system,  consi^Ier- 
ed  as  one  cavity,  be  supposed  to  contain  five  pounds  of  blood 
(which  is  probably  near  the  truth,)  and  if  the  vessels  be  thought  to 
embrace  their  contents,  even  between  the  pulses,  with  kfrm 
enough  to  have  aU  a  rounded  or  cylindrical  form,  although  remain- 
ing aeft  and  yielding  to  the  pressure  of  the  finger,,  and  if  we 
suppose  their  coats  during  the  pulse,  to  be  thrown  into  a  sud- 
den contraction,  as  if  in  obedience  to  an  electrical  shock,  stiH, 
because  blood  is  incompressible,  and  because  just '  as  much  en* 
ters  the  arteries  with  every  pulse  as  escapes  from  them  before 
the  next,  their  bulk  would  not  sensibly  diminish  by  the  s^ng<» 
est  conceivable  action  of  their  coats;  of  which  ection  the  only 
eensibie  effects  would  be,  that  the  soft,  yielding,  and,  in  soma 
places,  compressed  tubes  would  be  suddenly  converted  into  hard 
or  resisting  cylinders;  vand  that  wherever,  by  any  accidental 
pressure,  an  artery  had  been  flattened,  in  regaining  its  cylindri* 
eal  form  it  would  strike  or  pulsate  against  the  compressing 
body. — Whether  such  an  action  as  this  contributes  to  product 
the  arterial  pulse  will  be  considered  under  the  head  of  *<  the 
pubCf*'  after  we  have  seen  how  the  UckmI  moves  in  the  capilla- 
ries and  veins. 

In  any  admissible  view,  however,  of  arterial  action,  we  fiifd 
that  the  arteries  contribute  to  the  motion  of  the  blood,  only  as 
tubes  which  convey  it;  their  tensiofi,  aad  therafoo^  the  force 
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with  which  the  blood  is  preised  into  the  cftpillaries,  beino^  deri- 
Ted  from  the  heart  slone.  Many  phyaiolon^ists  have  had  a.eoQ- 
faaed  belief  that  the  arteries  aided  actively  in  propelling  the 
blood;  but  a  very  little  reflection  would  have  shovvn  that  as 
they  have  no  vermicular  or  progressive  contraction,  like  the  in 
testineSt  they  can  no  more  propel  the  fluid  within  them,  than 
any  other  rigid  or  elastic  tubes.-— Although  they  are  thus  in  no 
degree  instrumental  in  the  propulsion  of  the  blood,  still  by 
more  permanently  enlarging  or  diminishing  their  caliber,  that 
is,  by  merely  becoming  larger  or  smaller  conduits,  they  may 
much  influence  its  distribution,  and  the  speed  of  its  transmis- 
mon.* 

The  nature  of  this  work  does  not  allow  us  to  record  here 
historically  the  various  errors  into  which  even  able  men  have 
£dlen,  in  attemptinjg  to  explain  the  office  of  the  arteries,  but  we 
shall  glance  at  the  following.— 2>r.  Monroe  and  John  Hunter^ 
two  of  the  most  able  physiologists  that  the  world  has  seen,  be* 
lieved  that  the  arteries  did  almost  as  much  in  propelling  tb« 
Mood  as  the  heart  itself;  and  some  teachers  of  the  present  day 
also  speak  of  their  proptikive  action.  We  need  not  repeat 
the  refutation  of  this  opinion.  The  ingenious  Bichat,  unable 
to  detect  either  momentary  contraction  or  dilatation  in  the 
arteries,  thought  that  the  blood  was  pushed  along  them  by 
the  heart,  instantly  through  their  whole  extent,  as  a  solid  rod 
of  metal  or  wood  is  advanced  by  an  impulse  at  one  end.  Dr. 
Parry  took  nearly  the  same  view  of  the  subject,  and  illustrated 
his  idea  by  referring  to  the  experiment  of  moving  a  whole  line 
of  billiard-balls  by  striking  the  extreme  one.  Both  these  authors 
erred  by  neglecting  the  hydrostatical  truth,  that  pressure  in  a 
fluid  operates  equally  in  ail  directions,  and  therefore,  that  fluid 


*  How  it  can  be  said,  that  the  arteries  contribute  to  tbe  motion  of  (he  blood, 
only  as  rigid  or  elastic  tubes  which  convey  it,  while  it  is  admitted  that  they  possev 
the  power  of  enlargiog  and  diminishing  their  caliber,  and  thua  influencing  its  distri- 
bution and  the  speed  of  its  transmission,  we  know  not  They  must,  by  their  ex- 
pansire  and  contractile  power  exercise  an  influence  on  the  circulation  of  the 
blood.  Am.  Ed. 

3K 
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pressed  into  a  tube^  tends  to  dilate  the  tube,  just  as  powerfully 
as  to  drive  the  fluid  forward:  and  they  did  not  advert  to  the 
fact  that  the  stream  of  blood  in  the  small  arteries  is  nearly  uni- 
form. The  blood  could  only  advance,  as  they  supposed,  by 
the  arteries  becoming,  for  an  instant,  absolutely  rigid,  through 
an  action  of  their  contractile  fibres. 

It  merits  notice  here,  although  not  strictly  a  mechanical  fact, 
that  arteries  permanently  increase  or  diminish  in  siase  when  a 
permanent  change  takes  place  in  the  demand  for  their  service* 
The  arteries  t>f  the  gravid  uterus^  or  of  an  increasing  tumour^ 
grow  with  the  part  supplied,  while  on  the  contrary,  those  of  a 
stump  left  after  amputation,  soon  remarkably  diminish.  If  the 
chief  artery  of  a  limb  be  obliterated  by  any  cause,  as  after  the 
operation  for  aneurism,  the  small  collateral  anastomosing 
branches  incrrease  in  size  to  do  its  duty. 

It  is  further  remarkable,  that  when  arteries  are  called. upon  to 
carry  an  increased  quantity  of  blood,  they  often  become  tortu- 
ous or  serpentine,  as  well  as  larger;  and  that  arteries  leading  to 
parts  whose  actions  are  naturally  intermitting  or  fluctuating, 
have  generally  the  tortuous  form.  Of  diese  truths^  the  artmes 
leading  to  rapidly  growing  tumours,  or  to  varicose  aneurisoM, 
and  the  arteries  of  the  uterus  and  testes,  may  serve  as  instances* 
This  bending  of  arteries,  and  the  very  curious  division  into 
many  branches  which  again  reunite,  found  in  those  leading  to 
the  brains  of  some  animals,  do  not  seem  intended  to  slacken  the 
rapidity  of  the  sanguineous  current,  but  to  give  the  artery  a 
greater  control  over  the  supply. 

Passage  of  the  blood  through  the  capillaries. 

We  have  seen  that  the  heart  keeps  up  a  tension  or  pressure 
in  the  arteries,  of  about  four  pounds  on  the  square  inch  of  their 
surface;  and  with  this  force,  therefore,  is  propelling  the  blood 
into  the  capillaries.  If  these  last  were  passive  tubes,  constantly 
open,  such  force  would  be  sufficient  to  press  the  blood  through 
them  with  a  certain  uniform  velocity:  but  they  are  vessels  of 
great  and  varying  activity:  it  is  among  them  that  the  nutrition 
of  the  different  textures  of  the  body  takes  place^  as  of  muscle^ 
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bone,  Tnembrane,  &c.^  and  that  all  the  secretions  from  the 
blood  are  performed,  as  of  biltj  gastric  juice  or  saliva,  and 
to  perform  such  varied  and  often  fluctuating  ofBces,  they  require 
to  be  able  to  control,  in  all  ways,  the  motion  of  the  Mood  pass* 
iog  through  them.  The  capillaries  of  the  cheek,  under  the  in- 
fluence  of  shame,  dilate  instantly,  and  admit  more  blood,  pro* 
dueing  what  is  called  a  blush; — under  the  influence  of  anger  or 
fear,  they  suddenly  empty  themselves,  and  the  countenance  be- 
comes pallid— tears  or  saliva  gush  in  a  moment,  and  in  a  moment 
are  again  dried  up — if  a  person  having  inflammation  in  one  hand 
be  blooded  from  corresponding  veins  in  both  arms  at  the  same 
time,  twice  or  thrice  as  much  blood  will  flow  from  the  diseased 
side  as  from  the  other.  Similar  changes  occur  in  many  other  in- 
stances. Now  the  only  mechanical  action  of  vessels,  capable  of 
causing  these  phenomena,  must  occur  in  contractile  or  muscular 
coats;  and  with  reference  to  such  action  it  merits  notice  that  ar- 
terial branches  have  always  more  of  the  fibrous  or  contractile 
coat  in  proportion  as  they  are  smaller. 

.,  A  muscular  capillary  tube  strong  enough  to  shut  itself  against 
the  arterial  current  from  the  heart  is  also  strong  enough  to  pro- 
pel the  blood  to  the  heart  again  through  the  veins,  even  if  the 
resistance  on  that  side  were  as  great  as  the  force  on  the  other. 
For  if  we  suppose  the  first  circular  fibre  of  the  tube  to  close  it- 
self completely,  it  would,  of  coufset  be  exerting  the  same  repel- 
lent force  on  both  sides,  or  as  regarded  both  the  artery  and  vein. 
If  then  the  series  of  ring  fibres  forming  the  tube  were  to  con- 
tract in  succession  towards  the  vein,  as  the  fibres  of  the  intesti- 
nal canal  contract  in  propelling  the  food,  it  is  evident  that  all 
the  blood  in  the  capillary  would  thereby  be  pressed  into  the 
vein  towards  the  heart  If  after  this  the  capillary  relaxed  on 
the  side  of  the  artery,  so  as  to  admit  more  blood,  and  again  con- 
tracted towards  the  vein  as  before,  it  might  produce  a  forward 
motion  of  the  blood  in  the  vein,  independently  of  the  heart. 
We,  of  course,  state  this  merely  as  a  possibility,  for  the  intimate 
nature  of  capillary  action  is  not  visible,  and  has  not  been  posi- 
tively ascertained. 

It  is  capillary  action  which  absorbs  and  moves  the  fluids  of 
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the  classes  of  animals  which  have  no  heart.  It  mast  ftigo  be  ihb 
power  which  moves  the  blood  in  warm-blooded  monsters  form- 
ed without  hearts.  There  arc  cases  of  apparent  death  among 
human  beings  where  the  heart  remains  inactive  for  days,  and 
yet  a  degree  of  circulation  sufficient  to  preserve  life  is  carriad 
on  by  the  capillaries.  In  illustration  of  capillary  action,  we 
have  also  the  absorption,  by  the  lacteals,  of  nutriment  from  the 
alimentary  canal;  and  perhaps,  to  a  certain  extent,  theeirctt* 
lation^  the  blood  in  the  livers  of  animals.  In  this  last  case, 
the  Mood  eolfected  by  veins  from  the  abdominal  viscera,  instead 
•f  going  directly  to  the  heart,  is  again  distributed  through  the 
liver  by  the  branches  of  the  vefia  partmf  and  is  then  again  eoW 
lected  by  ordinary  veins,  and  carried  to  the  hewt:  it  thus  moves 
thmugh  two  sets  of  capillaries  in  passing  from  the  arteries  to 
Hie  heart  again. 

The  action  of  the  oapillaries,  is  the  cause  of  that  singular 
phenomenon  which  prevented  the  ancients  from  discovering  the 
circulation  of  the  blood,  viz.  the  empty  state  oS  the  arteries 
after  death.  All  the  muscular  parts  of  an  animal,  including, 
therefore,  the  contractile  coato  of  vessels,  retain  their  life,  or 
power  of  contracting,  for  a  considerable  time  after  respiration 
has  ceasedj—as  is  seen  in  the  recovery  of  persons  ^tparently 
drowned  or  suffocated;  in  -the  leaping  of  a  heart  taken  from  an 
onimal  just  killed;  in  the  ortaoas  resembling  life  which  can  be 
fvroduced,  by  the  ageiiey  of  galvanism,  in  a  body  recently  dead: 
but  the  fact  is  seen  still  more  aptly  for  our  purpose,  in  the  total 
disappeaiiance  of  a  local  inflammation  after  the  death  of  the  pa* 
tieAt,--*for  inflammation  involves  a  gorging  or  over-distension 
of  the  capillaries,  into  which  when  the  heart  has  ceased  to  press 
blood,  the  contractile  force  remaining  in  them,  even  under  dis- 
ease and  in  a  dead  animal,  is  sufficient  to  squeeze  the  Mood  out 
^  tiiem,  and  often  to  remove  all  trace  of  the  malady  whieh 
Ins  killed. — In  ordinary  cases,  then,  the  capillaries  throughout 
the  body  remain  alive  and-  active  for  a  considerable  time  after 
breathing  has  ceased,  working  like  innumerable  litde  pomps^ 
and  emptying  the  arteries  into  the  veins.  As  the  red  btood  is 
their  proper  sustenance  as  well  as  stimulas^  they  work  as  long  as 
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tfiere  is  tny  of  it  coining  from  the  arteries  behind  tfaem;  except 
howeyer,  the  capilbries  of  the  lungs,  which  soon  cease  to  act,, 
because,  after  breathing  has  ceased,  they  are  filled  with  black 
blood,  and  are  moreover  compressed  by  the  collapse  of  the 
ehest;  and  all  the  blood  accumulates  behind  them.  The  capil- 
bries  may  coottoue  to  be  filled  from  the  arteries,  either  in  con- 
sequence of  their  elasticity  opening  them  with  what  is  called  a 
aiu^on  power,  or  of  an  absorbent  power  dependent  on  life,  like 
that  of  the  lacteals,  and  of  the  absorbents  all  over  the  body,  and 
perhaps,  of  the  vessels  in  the  roots  of  vegetables.  When  death 
18  produced  by  lightning,  or  by  the  poisons  which  destroy  ail 
muscular  irritability,  the  arteries  after  death  are  found  to  con** 
lain  Mood  like  the  veins.  In  a  living  body,  if  an  artery  be  tied, 
the  part  beyond>  the  ligature  is  soon  emptied  into  the  veins,  and 
becomes  flat— The  experiment  has  been  made  even  upon  the 
aorta  itself. 

The  empty  state  of  the  arteries  after  death  is  still  ascribedy* 
by  some  teachers,  to  the  momentum  with  which  the  blood  is 
supposed  to  be  thrown  out  from  the  heart  in  its  last  contraction^ 
suffioient,  say  they,  to.squiit  it  fairly  through  the  most  distant 
capillaries:  a  doctrine  ez^nplifying  the  carelessness  with  which 
able  men  sometimes  receive  and  repeat  opinions,  to  which  their 
attention  has  never  been  fully  awakened.  Such  an  effect  would 
not  follow,  even  if  the  action  of  a  dying  heart  were  the  strongest 
possible;  while,  in  reality,  it  is  in  most  cases  so  feeble,  that  the 
pulse  for  some  time  ceases  to  be  perceptible  at  the  extremities^ 
and  the  diminished  circulation  lets  them  become  cold.— Other 
physiologists  teach  that  an  artery  is  capable  (rf  contracting  direct- 
ly  upon  its  contents,  so  as  to  expel  even  the  last  drop; — but  large 
arteries,  when  emptying,  do  not  contract  roundly  like  an  intes- 
tine: they  hocome^at  like  elastic  tubes  of  leather  sucked  empty  f 
and  no  contractile  action  of  the  vessel  itself  could  bring  its  sides 
together  in  such  a  manner.  If  arteries  emptied  themselves  by 
their  own  action^  the  pulmonary  artery  should  be  more  certainly 
empty  than  the  aorta,  because  it  is  shorter:  yet  it  is  always  full; 
chiefly  for  the  reason  already  stated,  that  the  pulmonary  capil- 
teories  oease  to  act  after  vespiration  has  ceased,  on  account  of  the 
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blood  iQ  them  being  the  venous  or  dark  bloody  and  therefore  not 
stimulant. 

Passage  of  blood  through  the  veins. 

The  veins  have  much  thinner  coats  than  the  arteries;  and  if 
taken  altogether,  have  much  greater  capacity,  because  they  exist, 
in  many  situations,  as  double  sets — ^an  exterior  and  an  interior; 
they  have  also  very  frequent  inosculations  or  communications 
with  each  oth^  throughout  their  whole  course. 

The  simple  weight  of  the  column  of  blood  in  any  descending 
artery  is  just  sufficient  to  raise  the  blood  through  open  capillaries 
to  an  equal  height  in  the  corresponding  vein,  according  to  the  by* 
drostatical  law,  that  fluids  attain  the  same  level  in  all  communi- 
cating vessels^  and  therefore  as  the  arch  of  the  aorta  rises  con- 
siderably  above  the  heart,  the  pressure  of  the  descending  arterial 
column  of  blood  would  be  sufficient  to  lift  that  in  the  veins  not 
only  up  to  the  heart,  but  considerably  beyond  it  In  addition 
to  this  influence  of  gravity  on  the  venous  current,  the  blood  is 
pressed  into  the  arteries,  and  from  them  therefore  towards  the 
veins,  with  a  force  from  the  heart  itself,  as  stated  above,  of  about 
four  pounds  to  the  square  inch,  or,  in  other  words,  as  if  there 
were  a  column  of  blood  eight  feet  higher  than  the  heart  urging  the 
current  It  might  be  expected  from  the  law  of  equal  diffusion 
of  pressure  in  fluids,  that  these  causes  would  soon  produce  a  ten- 
sion in  the  veins  as  great  as  in  the  arteries.  This  does  not  hap- 
pen, however,  because  the  blood  has  a  ready  escape  from  the 
veins  through  the  right  ventricle  of  the  heart  Under  ordinary 
circumstances,  there  can  be  no  greater  tension  in  the  veins  than 
just  enough  to  lift  the  blood  to  the  heart  and  to  ov^x^ome  the 
friction;  just  as  in  an  upright  leathern  tube,  open  attop»  and 
receiving  water  from  a  powerful  forcing  pump  through  a  small 
opening  at  its  bottom,  there  never  can  be  greater  tension  or 
pressure  than  what  corresponds  to  the  height  of  fluid  column 
in  the  tube,  and  to  the  friction  between  the  fluid  and  tube.  In 
Dr.  Hales'  experiments,  already  alluded  to,  a  tube  connected 
with  a  vein  so  as  to  receive  its  blood,  became  filled  with  blood 
to  a  height  only  of  about  six  inches  above  the  level  of  the  heart 
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As  Dr.  H.  generally  cut  the  vein  completely  across,  and  inser- 
ted the  tube  into  the  portion  leading  from  the  capillaries,  he 
would  have  discovered  the  whole  power  with  which  the  blood 
is  pushed  along  the  veins  from  the  capillaries,  but  for  the  free 
lateral  communication,  of  veins  with  each  other,  which  reduces 
the  tension  even  in  an  obstructed  branch,  to  the  degree  existing 
in  the  system  generally.  When  from  agitation  of  the  animal, 
or  any  straining  exertion,  the  passage  of  the  blood  into  the  heart 
was  impeded,  all  the  veins  became  tense,  and  a  tube  inserted 
into  the  returning  jugular  had  blood  running  over,  at  a  height 
of  three  feet  above  the  heart 

If  the  blood  did  not  escape  from  the  veins,  as  above  described, 
the  only  cause  which  could  prevent  the  venous  tension  from 
becoming  as  great  as  the  arterial,  would  be  obstruction  in  the 
capillaries:  but  the  following  facts  and  considerations  prove  that 
these  vessels,  which  in  the  dead  body  allow  the  passage  of  in- 
jections,  in  the  living  body  freely  allow  the  passage  of  blood. 
Ist  Magendie  laid  bare  the  chief  artery  and  vein  of  a  living 
limb,  and  detached  them  at  the  part,. from  the  flesh  underneath, 
so  that  he  could  apply  a  tight  bandage  round  the  limb  without 
including  them,  and  could  thus  render  them  the  only  channels 
of  circulation  for  the  lower  limb.  He  then  found,  that  when  a 
sqiarate  ligature  was  put  upon  the  vein,  to  prevent  the  return 
of  its  blood  to  the  heart,  and  a  puncture  was  made  beyond  the 
ligature,  the  flux  of  blood  from  Uie  puncture  was  rapid  or  slow, 
according  as  the  heart  was  allowed  to  produce  a  greater  or  less 
degree  of  tension  in  the  artery: — this  tension  was  regulated 
by  compressing  the  artery  between  the  fingers.  2d.  After  a 
similar  preparation  of  the  parts,  the  blood  will  ascend  in  a  tube 
from  the  obstructed  vein  very  nearly  as  high  as  from  the  artery, 
3d.  In  the  common  operation  of  bleeding,  when  the  vein  is  first 
punctured  the  blood  often  jets  from  it  as  from4m  artery,  staining 
the  top  of  a  lofty  bedstead.  4th.  The  microscope  discovers,  in 
the  capillaries,  a  uniform  forward  motion  of  the  blood,  as  if  it 
were  obeying  the  steady  pressure  of  the  arterial  tension,  and 
not  any  intermitting  action.  5th.  Disturbed  action  of  the  heart, 
by  obstructing  the  passage  of  the  blood  through  it,  is  very  soon 
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attett<led  with  a  tumefaction  of  all  the  veins  leading  to  the  heart: 
the  tumefaction  becomes  veryyiaibleabout  the  neck  and  head,  and 
in  the  liver  produces  swelling  and  acute  pain.     Gtb.  Dr.  Young, 
from  experiments  made  by  him,  apd  reported  in  the  Philosophi* 
eal  Transactions  for  1809,  concluded,  that  perfectly  open  capiN 
laries,  of  the  size  existing  in  the  living  body,  should  just  retard 
a  flow  of  blood  urged  by  the  usual  arterial  tension,  in  the  degree 
which  really  occurs: — a  correspondence  proving  that  they  must 
be  open;  and  soon  vessels,  however  small,  and  how  slowly 
soever  they  transmit  the  blood,  still,  if  the  escape  of  blood  from 
the  veins  were  arrested,  would  transmit  the  arterial  tension  with* 
out  diminution.     7th.  The  action  of  the  capillaries,  which  alter 
death  empties  the  arteries  into  the  veins,  proves  that,  under  cer- 
tain circumstances,  the  venous  tension  may  become  even  greater 
than  the  arterial. — These  facts,  then,  and  others  that  might  be 
mentioned,  prove  incontestably  that  the  blood  is  pressed  into  the 
veins  from  the  arteries  and  capillaries,  with  force  sufficient  to  lift 
it,  not  only  to  the  heart  again,  but  many  feet  farther,  viz.  about 
as  far  as  it  would  ascend  in  a  tube  rising  from  the  tense  artmes 
themselves.     So  little,  however,  has  this  important  truth  been 
understood,  that  in  elementary  works  of  authority  lately  publish- 
ed, the  venous  current  is  treated  of  as  a  very  obscure  subject;  and 
some  authors,  in  their  anxiety  to  explain  it,  have  assigned  causes 
for  it,  which,  as  will  appear  hereafter,  are  positive  absurdities  in 
physics.     The  difficulty  in  the  question  seems  to  have  arisen 
from  the  great  disparity  observed  between  the  tension  in  the 
arteries  and  in  the  veins,  while  the  reflection  did  not  occur  that 
it  was  owing  to  there  being  a  free  passage  or  outlet  from  the 
veins  through  the  heart 

The  ingenious  Bichat,  with  a  carelessness  of  facts  extraordi- 
nary  in  him,  persuaded  himself  that  the  influence  of  the  heart 
ceased  entirely  at  the  capillaries,  and  that  the  blood  was  returned 
through  the  veins  by  the  action  of  the  capillaries  alone.  How 
could  he  avoid  the  single  reflection,  that,  if  the  purpose  af  the 
arteries  had  been  merely  to  convey  the  blood  to  the  capinarieey 
and  not  to  bear  the  force  which  pressed  it  through  them,  the 
extraordinary  strength  of  thearteriai  coats,  and  the  great  power 


THE  CIHCXTLATIOir.  449 

of  the  heatrt  to  fill  them,  and  keep  up  the  tension  described, 
would  have  been  quite  superfhious  ? — aiid  he  knew  that  nature 
does  nothing  in  vain.*  The  preceding  remark  applies  striking- 
ly to  the  pulmonary  artery,  of  which  no  branch  exceeds  a  few 
inches  in  length. 

The  uniform^  current  of  blood  along  the  veins,  produced,  a^ 
now  explained,  by  the  combined  influence  of  the  heart  and  ca- 
pillaries, and  which  becomes  apparent  in  the  operation  of  bleed- 
ing, suffers  a.  considerable  disturbence  in  the  neighbourhood 
of  the  heart  from  three  causes.  Ist.  As  there  is  no  valve  be- 
tween the  veins  and  the  auricles  of  the  heart,  each  contraction 
of  the  right  auricle  tends  to  throw  the  blood  back  into  the  veins, 
as  well  as  forward  into  the  ventricle;  it  thus  produces  the  ve- 
nous pulse  often  felt  in  the  neighbourhood  of  the  chest.  2d. 
When  the  chest  is  expanded  by  inspiration,  it  is  more  roomy 
than  during  the  collapse  of  expiration,  and  the  blood  then  en- 
ters it  more  readily.  3d.  While  the  chest  is  inhaling  or  draw^ 
ing  in  air,  that  is  to  say,  expanding  so  as  to  diminish  the  ten- 
sion or  pressure  of  the  air  within  it  (see  Pneumatics^)  it  is  by 
the  same  action  favouring  the  entrance  of  blood  through  the 
veins  towards  the  heart  placed  in  it; — on  the  contrary,  while 
it  is  exhaling  or  throwing  otit  air,  it  is,  with  equal  force,  re- 
sisting the  entrance  of  blood,  and  slackening,  or  even  causing 
recoil  of  the  inward  current.  This  favouring  or  resisting  force, 
as  will  be  hereafter  shown,  is  only  such  as  to  lift  or  support  a 
column  of  blood  of  about  half  an  inch  in  height. — It  appears 
then  that  the  entrance  of  blood  into  the  chest  fluctuates  by 
reason  of  the  respiration,  as  the  entrance  of  a  river  stream  into 
the  sea  fluctuates  by  reason  of  the  ebbing  iktid  flowing  of  the 
tide.     An  eye  watching  the  jugular  vein,  under  favourable  cir- 


*  Thb  V  t  faafaioiitble  but  very  ineorrect  mode  of  reasoning,  the  influence  of 
tint  bewt  siM|y  ce«M  widi  the  cepilUriea,  end  yet  natore  have  done  nothing  in  vain; 
before  aucb  a  charge  could  be  made  against  nature  we  must  possess  an  infinitely 
more  precise  knowledge  of  the  circulatory  forces,  and  the  functions  of  the  arterial 
^fBtem.  Am.  Bp. 

3L 
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cumstances,  may  see  it  tense  or  slack  in  accordance  with  the 
opening  and  shutting  of  the  chest 

It  still  remains  to  be  ascertained  whether  or  not  veins  have 
in  themselves  any  active  contractile  power,  such  as  can  partial- 
ly empty  a  lower  portion  into  a  higher  beyond  an  adjoining 
valve.  If  so,  the  valve,  by  then  bearing  the  pressure,  would 
let  more  blood  be  easily  raised  from  below  into  the  portion  so 
relieved:  and  the  action,  without  being  equal  to  the  office  of 
completely  emptying  any  portion  of  a  vein,  would  still  have 
the  effect  of  dividing  a  long  heavy  column  into  a  number  of 
short  columns  of  comparatively  little  resistance.  It  is  certain 
at  least,  that  the  valves  in  the  veins,  by  preventing  the  falling 
back  of  blood  whicb  has  once  passed  towards  the  heart,  must 
affect  its  flow  during  bodily  exercise;  for  every  time  that  pres- 
sure is  made  on  a  vein  by  a  swelling  muscle  or  otherwise,  the 
blood  .in  the  part  must  be  forced  forward,  and  cannot  return. 

The  veins  which  are  surrounded  by  muscles  are  thinner  and 
weaker  than  those  supported  only  by  the  skin.  The  external 
veins  of  the  legs  are  almost  as  strong  as  arteries.  Proving, 
however,  that  the  fabric  of  veins  is  much  weaker  than  that  of 
arteries,  we  may  mention  the  fact  that  any  vein  in  the  living 
body  made  to  communicate  directly  with  an  artery,  soon  ex- 
hibits what  is  called  a  varicose  aneurism^  and  swelU  to  burst- 
ing. Veins  possess  power,  to  a  great  extent,  of  adapting  them- 
selves to  the  varying  quantity  of  blood. 

Some  recent  authors,  as  stated  above,  either  not  aware  of  the 
facts,  which  prove  that  the  blood  is  every  where  pressed  into 
the  veins,  with  force  much  more  than  sufficient  to  raise  it  to  the 
heart  again;  or  being  unable,  from  their  little  familiarity  with 
physics,  to  draw  exact  conclusions  from  the  facts,  or  to  avoid 
errors  in  their  own  hypotheses,  have  promulgated  the  opinion 
that  the  progression  of  the  blood  in  the  veins  is  greatly  owing 
to  a  partial  vacuum  or  a  suction  power  in  the  heart  or  chest; 
that  is  to  say,  to  the  atmospheric  pressure  remaining  constant 
on  the  body  generally,  while  it  is  occasionally  lessened  abont 
the  heart: — now  the  whole  influence  of  this  effi^ct  or  circum- 
stanee,  as  stated  above^  is  merely  a  slight  disturbance  of  the 
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uniforpiity  of  the  venous  current  near  the  chest.  Such  a  doc- 
trine could  not  be  proposed  or  entertained  for  a  moment  by  a 
person  understanding  the  principle  of  a  common  household 
pump;  and  that  it  has  been  published  and  tolerated  by  certain 
I^ofessional  men  in  the  present  time,  will  remain  a  proof  to 
posterity  of  the  deficiency,  as  regards  fundamental  science  or 
natural  philosophy,  now  existing  in  the  ordinary  medical  educa* 
tion.  Much  ingenuity  has  been  wasted  upon  it,  particulary  by 
Drs.  Carson  and  Barry,  the  latter  of  whom,  after  making  labo* 
nous  experimental  investigations  on  living  animals,  has  even 
attempted  to  build  upon  it  a  superstructure  of  medical  theory 
and  practice!  To  say  that  the  influence  of  the  heart  or  chest  is 
the  power  which  draws  the  blood  to  the  heart  fron^  the  general 
system,  is  exactly  as  if  one  asserted  that  the  rising  and  falling 
of  the  tide  at  the  mouth  of  a  river  is  the  power  which  collects 
the  tributary  streams  in  tlie  interior  country. 

We  shall  enter  into  a  little  detail  on  this  subject,  because  the 
discussion  will  elucidate  some  minor  points  connected  with  the 
circulation. 

Presuming,  then,  that  the  reader  perfectly  understands  the 
theory  of  pumps,  and  therefore  of  atmospheric  pressure,  as  ex- 
plained under  pneumatics,  he  will  readily  understand  the  two 
following  propositions,  either  of  which  proves  it  to  be  a  physical 
impossibility,  that  a  sucking  action  of  the  heart  or  chest  can  be 
a  cause  of  the  blood's  motion  aloog  the  veins.  1st.  The  veins 
are  pliant  tubes  free  to  collapse,  and  no  pump  can  lift  liquid 
through  such.  2d.  The  suction  power  of  the  chest  in  healthy 
respiration  is  too  weak  to  lift  liquid  even  one  inch  through  tubes 
of  any  kind. 

A  practical  illustration  of  the  first  proposition  is  afforded  by 
putting  the  point  of  a  syringe  into  a  piece  of  gut,  or  eel-skin,  or 
vein  filled  with  water,  and  then  trying  to  pump  up  the  water. 
The  result  will  be,  that  the  flijiid  close  to  the  mouth  of  the  sy- 
ringe will  enter  it,  and  then  the  sides  of  the  pliant  tube  will 
collapse  as  a  valve  against  the  syringe,  making  an  end  of  the  ex- 
periment. In  exact  proportion  to  the  rigidity  of  the  tube  will 
be  the  distance  to  which  the.  influence  of  the  syringe  will  extend 
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in  it:  if,  for  instance,  half  an  ounce  of  preMure  on  the  square 
inch  of  its  surface  be  required  to  make  it  collapse,  then  the  pump 
will  draw  up  one  inch  of  water,  and  so  for  other  proportions. 
If  during  the  action  of  the  syringe,  the  tube  were  allowed  to 
open  at  the  bottom  into  a  vessel  of  Water,  instead  of  the  syringe 
then  drawing  any  more  water  from  the  vessel  into  the  tube,  the 
original  contents  of  the  tube  would  straightway  be  discharged 
downwards  into  the  vessel:  the  result  being  the  same  even  if 
there  were  a  thousand  tributary  streams  pouring  into  the  tube^ 
unless  they  entered  with  force  enough  to  rise  up  to  the  S3n*inge. 

The  explanation  of  all  these  facto  is  found  in  the  pressure  of 
the  atmosphere  (see  from  page  299  to  page  386,)  seeking  en- 
trance every  where  at  the  surface  of  the  earth,  with  a  force  of 
fifteen  pounds  per  square  inch,  and  overcoming  any  opposing 
force  less  than  this;-^-a  pressure  which  is  sufficient,  therefore^ 
to  push  a  cdumn  of  water  of  thirty-four  feet  in  height,  through 
a  rigid  tube  into  the  vacuum  of  a  pump,  but  causing  the  sides 
of  the  tube  to  collapse,  unless  able  to  sustain  at  any  given  part, 
a  compressing  force  proportioned  to  the  column  of  water  in  the 
tube  below. — When  nature  intends  a  tube  to  resist  any  degree 
of  suction,  the  tube  is  made  rigid  in  proportion ;'~witoe88  the 
wind-prpe  and  its  branches,  which  are  the  only  instances  in  die 
human  body.  And  if  tubes  prepared  for  sucking  air  only^  and 
which  are  defended  from  external  violence  by  surrounding  parts, 
have  received  such  rigidity,  how  much  stronger  would  tubes 
for  sucking  bJood  have  been  ? 

Some  bad  reasoners  on  this  subject  have  believed,  that  if  a 
suction  power  exist,  capable  of  lifting  one  inch  of  a  eoiumn  of 
Uquid,  any  column,  however  long,  must  follow  the  first  inch 
when  acted  upon  by  the  power;  for,  say  they»  the  atmospheric 
pressure  by  preventing  a  vacuum  will  prevent  separatiou.of  the 
liquid.  Now,  in  the  first  place,  this  reasoning  is  quite  inappli* 
e^ble  to  pliant  tubes,  because  the  ready  collapse  of  their  sides 
will  both  allow  the  separation,  and  prevent  the  vacuum;  and  ia 
the  second  plaee,  with  respect  to  ripd  tubes,  it  is  equivaieat  to 
ssserting  that  a  force  just  esqMible  of  lifting  one  link  of  a  chain, 
must  therefore  be  able  to  lift  any  number  of  coanecfed  links. 
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Water  in  a  rif^A  tube,  to  which  air  baa  no  admittance^  majT' 
truly  be  cenaidered  aa  a  chain,  for  it  ia  held  together  by  a  force 
of  fifteen  pounda  per  inch,  presaing  inwarda  at  the  two  eada^ 
and  any  force  inferior  to  thia,  cannot  therefore  lift  one  portiotf 
of  it  away  from  another,  and  therefore  cannot  draw  out  a  drop 
but  by  lifting  the  whole.  A  man  cannot  auck  any  water  from 
a  rigid  tube  which  ia  doeed  at  the  bottom;  and  if  the  bottom  bo 
open,  and  he  baa  not  power  to  aupport  the  whole  contained  fluid,* 
it.will  aink  from  hia  tantalized  lipa  to  atand  at  an  elevation  cor« 
reaponding  to  hia  suction  power. 

To  illoatrate  the  aecond  propoaition  reapecting  the  trifling 
auction  power  really  residing  in  the  chesty  we  shall  state  that 
a  peraon  of  ordinary  atrengtb,  uaing  the  whole  power  of  the  cheat 
(but  not  of  the  mouth  separately,  which  is  a  amaller  and  much 
more  powerful  pump  than  the  chest,)  cannot  through  a  rigid 
tube  suck  water  from  more  than  about  two  feet  below  his  lips,, 
and  therefore  not  half  way  so  far  aa  from  the  extremities  of  hia 
body;  while  in  the  opposite  action  of  blowing  outwarda  he  finds 
nearly  the  same  limit,  as  is  seen  by  dipping  the  end  of  a  tuba 
two  feet  into  water,  and  then  trying  to  blow  through  it  But 
in  ordinary  breathing,  instead  of  force  corresponding  to  a  liquid 
column  of  two  feet,  or  a  fifteenth  of  the  atmospheric  preasure, 
the  increase  and  diminution  fA  air-density  in  the  chest  is  mea- 
sured by  a  column  of  less  than  one  inch,  or  about  a  five-hun^ 
dreth  of  the  atmospheric  pressure.  This  fact  is  eaaily  shown 
by  breathing  through  the  nose,  while  holding  one  end  of  a  glass 
tube  in  the  mouth  and  the  other  end  immersed  in  water,  and  by 
then  noting  how  much  the  water  in  the  tube  rises  above  the 
surrounding  level  during  inspiration^  and  ainka  below  it  during 
expiration.  The  mouth  during  this  experiment  may  be  consi* 
dered  aa  part  of  the  general  cavity  of  the  chest,  to  and  from 
which  air  is  paasing  by  the  narrow  openinga  of  the  noatrils.  In 
tranquil  breathing,  with  both  noatrila  open,  the  fluctuation  in 
the  tube  is  less  than  half  an  inch  each  way;  with  one  noatril 
doaed  and  the  other  a  little  compreaaed,  it  may  amount  to  a 
whole  inch;  and  with  hurried  or  convulaive  breathing,  like  that 
of  an  animal  in  terror  or  in  pain,  it  may  exceed  twelve  inchesu 


454  FhVlDJTY  IN  RBJUATIOH  TO  AlOMALS. 

Although  the  measures  thus  obtained  from  the  mouth  are  some- 
what  too  small  for  the  changes  in  the  chest  itself,  because  the 
chest  is  more  remote  from  the  opening  by  which  the  external 
air  enters,  the  difference  is  very  triflingi  as  may  be  proved  dur^ 
ing  such  experiments  by  stopping  the  nostrils  altogether,  while 
the  same  respiratory  efforts  are  continued;  and  as  is  also  proved 
by  the  agreement  of  the  results  with  strict  calculation  founded 
on  the  inertia  and  velocity  of  the  air  respired — a  calculation  si- 
milar to  that  required  in  adjusting  the  index  to  the  machine  men- 
tioned at  page  371,  for  measuring  water-currents.  In  common 
healthy  breathing  then,  while  the  mouth  is  open,  the  fluctuation 
of  pressure  in  the  chest  would  be  measured  by  less  than  half  an 
inch  motion  each  way  of  the  liquid  column.  Dr.  Barry,  not 
aware  that  this  point  could  be  to  easily  determined  by  the  au- 
thor's bloodless  experiment  described  above,  or  even  by  a' 
simple  calculation,  has  sought  the  solution  by  numerous  trials 
on  living  animals,  into  some  part  of  whose  chest  he  forced  a 
tube.  But  even  if  farther  experiments  had  been  at  all  neces- 
sary, those  of  Dr.  B.  could  not  have  decided  the  question;  1st 
because  the  pain  and  agitation  of  the  animals  rendered  the 
breathing  violent  or  unnatural;  and,  2d,  because  the  experimen- 
tal tube  often  or  always  became  a  syphon;  and  Dr.  B.  not  ad- 
verting to  this  fact,  has  not  recorded  the  difference  of  level  in 
the  liquid  at  the  two  ends.  That  the  external  level  was  for  the 
most  part  higher  than  the  internal,  is  proved  by  his  having  no- 
ticed almost  solely  the  inhaling  action  of  the  chest,  although 
the  exhaling  is  often  a  more  powerful  effort. 

Calling  an  inch  column  of  blood,  then,  the  measure  of  the 
greatest  sugescent  and  repellent  powers  of  the  chest  during  or- 
dinary respiration,  we  see  that  the  force  which  really  sends  the 
blood  from  below  to  the  heart,  may  have  to  lift  a  column  one  inch 
shorter  during  inspirationf  and  one  inch  longer  during  eajnra* 
tion:  and  this  is  the  full  and  true  measure  and  nature  of  the  in<> 
fluence  of  the  respiration  on  the  blood's  return  to  the  heart 
To  say  then  that  the  atmospheric  pressure,  modified  by  respira- 
tion, is  the  great  power  which  moves  the  venous  blood,  is  just 
as  if  we  said,  that  a  boy  standing  near  the  great  fly-wheel  of  a 
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steam-engine  of  a  hundred  horses  power,  and  givin|i;  it  his  Lilli- 
putian thrust,  alternately  backward  and  forward,  were  the 
prime  mover  of  the  machinery. 

The  truth  explained  above,  that  no  kind  of  pump  can  lift  fluid 
through  pliant  tubes,  free  to  collapse,  like  the  veins,  renders  it 
unnecessary  farther  to  speak  here  of  the  pumping  action  of  the 
heart  itself,  insisted  on  by  Dr.  Carson,  or  of  that  other  action, 
mentioned  in  a  subsequent  part  of  this  work,  to  which  also  he 
attributes  great  influence,  vi%,  the  tendency  towards  a  vacuum 
external  to  the  lungs  and  around  the  heart,  produced  by  the  dis- 
position of  the  lungs  to  collapse.  It  may  be  remarked,  how- 
ever, that  this  last  influence  is  more  considerable  than  the  sim- 
ple inspiratory  action  dwelt  on  by  Dr.  Barry,  and  that  it  ope- 
rates during  expiration  nearly  as  much  as  during  inspiration, 
varying  in  force  with  the  degrees  of  expansion  of  the  chest.  It 
is  weaker  in  the  living  than  in  the  dead  body,  because  the  rigid- 
ity of  the  distended  pulmonary  arteries  helps  to  support  the 
weight  of  the  living  lungs. 

Were  it  necessary  to  give  proofs,  to  persons  unable  to  follow 
the  above  argument,  that  a  suction  power  in  the  heart  or  chest 
is  not  the  force  which  draws  the  blood  from  the  extreme  veins, 
the  reference  is  ready  to  many  notorious  facts  quite  incompati- 
bel  with  that  supposition;  such,  for  instance,  as  those  recorded  at 
page  448,  and  others.  A  vein  tied,  fills  tensely  below  the  liga- 
ture—a vein  cut  across  bleeds  from  its  distant  orifice,  and  will 
fill  a  lofty  tube  connected  with  it — the  circulation  goes  on  in 
persons  holding  their  breath,  &c.  tic* 


*  The  influence  of  intpiration,  of  the  cvnty  in  the  chest  exterior  to  the  lungf ,  end 
of  the  expansive  power  of  the  heart,  in  the  circulation  of  the  blood  in  the  veins,  has 
BO  doubt  been  over  estimated  by  Drs.  Barry,  Carson  and  others,  but  our  author, 
appears  to  us  to  have  nndervahied  their  effect  Their  joint  power  is  more  con- 
siderable than  the  reader  might  be  led  to  suppose  from  the  perusal  of  the  preced- 
ing pages. 

The  influence  of  inspiration  has  been  estimated  by  our  author,  perhaps  jusUy, 
as  only  sufficient  to  raise  a  column  one  inch;  if  this  force  acted  through  rigid 
tubes  of  the  length  of  the  vems,  it  would  produce  no  movement  of  the  contained 
fluid;  but  acting  throi^h  pliant  tubes,  it  would  raise  one  inch  of  the  blood  out  of 
the  vein  nearest  the  heart,  and  if  this  power  acted  alone » its  effiect  would  here 
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After  the  exphnttioDs  now  prct^f  it  is  almost  superfiuout  to 
remark  that  absorption  in  animals  cannot  depend  on  atmosph^ 
ric  pressure,  and  that  the  effect  of  cupping-glasses  applied  to  ex» 
bact  Mood,  or  to  prevent  the  absorption  of  pmson  in  woandsy* 
in  no  way  depends  upon  the  fluctuating  density  of  the  air  in  the 
chest  Dr.  Barry's  reasonings  upon  these  subjects  involve  th< 
•ame  £dlacies  as  his  reasonings  on  the  venous  current  Willi 
Tespect  to  absorption,  they  neglect  the  fact  of  fluids  having 
weight;  and  with  respect  to  cupping-glasses,  of  which  the  true 
action  is  explained  at  page  SIS,  they  are  equivalent  to  asserting 
tiiat  the  action  of  pumps  drawing  water  from  a  river  amoogthe 
liiHs  is  influenced  by  tides,  or  pumps  operating  at  its  month  ift 
tiie  sea. 


eease.  But  the  tu  a  tergo,  produced  hf  the  propttlaire  power  of  Ae  cepillariet 
maA  perhaps  eiao  of  the  heart,  preventa  the  coUapaej  the  Tein  ia  kept  foil,  and  A 
every  ioapiration  this  power  is  renewed. 

The  influence  of  the  tendency  towards  a  vacuum  external  to  the  lungs,  and 
around  the  heart,  from  the  contractile  disposition  or  the  resOieace  of  the  lungs,  b 
adBnitted  by  o«r  wAor  to  be  more  conaiderable  than  the  imparatory  efibrt,  aad  k 
la  lact  is  ve  think  gi«ater  than  is  suspeeted.  We  have  aome  reaaona  f«r  belies 
ing  that  the  lungs  do  not  entirely  fill  the  cavity  in  which  they  are  contained,  Ih^ 
influence  of  this  space  is  therefore  constant,  though  greater  during  inspiration, 
and  of  course  diminished  during  expiration. 

tte  capillaries  our  author  has  most  satisfactorily  shown  have  a  vital  ejipaasive 
power;  aad  tboQgh  be  does  not  aasert  that  the  heart  has  no  such  power,  be  denina 
that  it  can  have  any  influence  on  the  movement  of  the  venous  blood,  since  it  must 
•act  through  pliant  tubes.  This  would  be  the  fact  if  the  expansion  of  the  heart 
were  the  only  moving  power,  but  the  vis  a  tergo  prevents  ^eir  collapae,  and  die 
eflect  of  the  expanrive  power  of  the  heart,  whatever  that  may  be,  ia  allowed  to 
act 

While  therefore  the  action  of  die  capillaries  and  pef  hapa  of  the  left  ventricle  of 
the  heart,  must  be  conaidered  aa  the  main  forces  by  which  the  blood  is  propelled 
through  the  veins,  respiration,  the  aesiltence  of  the  lungs  and  the  expansive  power 
of  the  heart;  or  m  other  worda  atmoapfaerie  praasnre,  o^ght  to  be  vioved  aa  aa 
acoaasaij  lorce,  thoi^h  the  precaie  power  it  exerta»  we  cannot  readily  estimator 

Am.£ii. 

*  The  effect  of  euppmg-i^Maes  in  prevwitiog  the  absorption  of  poiaooa  baa  boat 
ahowa  by  Dr.  Pennock  to  beowiof  to  the  madiaaical  preasore.  8ee^  anareal' 
tag  pafor  ia  Oia  AiMdcao  JcHKoal  of  tbe  M«Ucia  l^iwcM»  YoL  n. 
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If  tbe  fluids  in  animal  vesiels  bad  no  waight,  it  is  true,  that 
in  abaorption,  an  external  atmoapheric  pressure  of  fifteen  pounds 
per  ineb  might  force  new  matter  into  a  receiving  orifice,  at  tbe 
instant  during  inspiration,  when  tbe  opposing  pressure  in  the 
cbest,  at  the  other  ends  of  the  vessels,  were  half  an  ounce  per 
inch  lessy — ^tbere  would  be  no  pliysical  absurdity  in  suppos*- 
ing  this,  although  there,  are  physiologi<?al  facts  tliat  disprove 
it— but  when  we  reflect,  that  in  all  vessels  under  the  level  of 
the  heart,  the  weight  of  tlie  contained  fluids  causes  an  additional 
outward  pressure  of  about  half  an  ounce  troy  for  every  perpen- 
dicular inch  of  fluid  column^  making  an  excess  of  outward  pres*- 
sure  at  the  toes«  for  instance,  even  at  the  most  favourable  time 
for  absorption,  of  about  two  pounds  per  inch,  We  see  that  ab^* 
sorption  must  be  a  strong  action  qf  /(/e,  able  to  overcome  a 
great  excess  of  mechanical  resistance,  instead  of  a  passive  phe*- 
nomenon  obeying  an  excess  of  mechanical  force.  If  a  mere 
balance  of  pressures  aeted  at  the  orifices,  as  Dr  B.  supposes^ 
tbe  blood  and  other  fluids  would  be  constantly  oozing  out  from 
all  orifices  below  the  heart,  as  blood  really  does  from  an  artificial 
opening,  with  force  that  would  fill  a  tube  reaching  as  high  as 
the  heart  It  would  be  good  news  for  proprietors  of  mines  and 
others  having  to  raise  water,  if  by  taking  oS  an  ounce  or  two 
per  inch  of  the  atmospheric  pressure  at  the  top  of  a  full  pipe,  the 
eontinuing  pressure  elesewhere  would  then  foree  water  in  at 
openings  below,  and  cause  an  upward  current; — but  in  truth, 
to  make  the  atmosphere  efficient  b^low,  powerful  steam-engines 
or  other,  means  must  be  used  to  take  oS*  a  pressure  above,  of  at 
least  half  an  ounce  per  square  inch,  tor  every  inch  in  height 
which  the  water  has  to  rise. 

Another  erroneous  conception  of  atmospheric  pressure,  akin 
to  that  which  we  hare  been  considering,  is  expressed  in  the 
following  reasoning  on  the  progress  of  blood  in  the  vein*, 
*^  The  atmosphere  presses  l5/&s.  per  square  inch  on  all  thijigsf 
the  blood  in  a  vein,  therefore,  which  has  30  inches  of  surface^ 
is. pressed  upon,  through  the  flesh,  with  a  force  of  20  times  15. 
or  SOOlbs.f  while  a  cross  section  of  the  vein  near  the  heart 
ivculd  measura  kss  than  one  inefa«    The  blood,  therefore^  is 

3M 
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always  runDing  towards  the  heart  to  escape  from  a  powerful 
excess  of  atmospheric  pressure.  ^^-^This  paradox  is  solved  by 
the  law  of  fluid  pressure,  explained  at  page  243.  The  same 
reasoning  would  prove  that  an  eel-skin  suspended  by  its  lip,  and 
filled  with  water,  when  exposed  to  the  pressure  of  the  atmos* 
phere,  should  quickly  run  over,  and  be  emptied;  and  nearly  the 
same  would  prove  that  a  long  sharp  wedge  thrown  into  water, 
should  be  always  moving  in  a  direction  away  from  its  point; 
and  that  a  ship  formed  like  the  wedge  should  make  quick  speed 
across  the  sea  without  either  oar  or  sail. 

A  knowledge  of  the  facts  detailed  under  the  three  heads  of 
.   arteries^  capillariedj  and  veinSy  prepares  us  for  the  discusaioD 
of  the  following  subjects. 

The  force  of  the  Heart 

.  The  arterial  tension  of  four  pounds  to  the  square  inch,  marked 
by  its  supporting  in  a  tube  connected  with  the  arteries,  a  column 
of  blood  eight  feet  high  {seepage  445,)  is  produced  by  the  ae* 
tion  of  the  heart;  but  as  the  heart,  while  injecting  the  bhMMl 
against  this  resistance,  has  moreover  to  overcome  the  inertia 
both  of  the  quantity  injected,  and  of  the  mass  in  the  great  artery, 
first  moved  by  the  injection,  as  also  the  elasticity  of  the  vessd 
yielding  to  momentary  increase  of  pressure,  the  heart  must  aet 
with  a  force  of  about  six  pounds  on  the  inch.  Now  as  the  left 
ventricle  of  the  human  heart,  when  distended,  has  about  ten 
square  inches  of  internal  surface,  the  whole  force  exerted  by  it 
may  be  about  sixty  pounds.  It  is  remarkable  that,  with  this 
easy  means  of  solving  the  question,  the  eorrect  and  elegant 
Majendie,  in  his  recent  elements  of  physiology,  should  speak 
of  it  as  undetermined ;  and  should  cite,  as  the  best  approximation, . 
an  estimate  from  the  obscure  circumstance  of  a  loaded  foot 
shaking  in  unison  with  the  pulse^  when  suspended  in  the  cross- 
legged  sitting  attitude. 

T?ie  velocity  of  the  circulating  Blood. 
This  has  been  much  over-rated.     1st.  By  assuming  that  the 
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ventricles  of  tbe  heart  are  completely  filled  and  emptied  at  each 
pulsatioD:^-an  assumption  disproved  by  inspection  of  the  ex- 
posed  heart  of  a  living  body,  and  by  the  fact  of  the  valves 
between  the  auricles  and  Tentrides  not  closing  so  perfectly  as 
quite  to  prevent  regurgitation,  2d.  By  supposing  the  issue  of 
blood  from  a  wounded  artery  or  vein  to  be  the  measure  of  the 
usual  velocity.  Now  it  would  be  as  reasonable  to  suppose  the 
issue  of  water  from  a  wounded  pipe  connected  with  any  resor* 
voir  to  be  tbe  measure  of  a  continued  current  in  that  pipe, 
although  in  truth,  the  issue  would  be  the  same  even  if  the  water 
in  the  pipe  were  usually  at  rest  3d.  By  supposing  the  /re- 
queney  of  the  pulse  to  be  a  measure.  Now  we  know,  that  in 
diseases  of  debility,  and  in  animals  bleeding  to  death,  the  pulse 
usually  becomes  more  frequent  as  it  becomes  more  feeble,  and 
as  there  is  less  blood  moving.  4th,  and  lastly^  By  supposing 
the  strength  of  the  pulse  to  be  the  measure.  Now  we  find  that 
the  pulse  in  an  artery  just  tied^  and  where  consequently  there 
is  no  current  at  alU  is  scarcely  weaker  than  in  an  open  artery. 
The  common  fact  of  a  person's  feet  remaining  stone-cold  for 
hours,  although  the  arteries  leading  to  them  pulsate  nearly  as 
usual,  is  a  proof  that  exceedingly  little  blood  is  passing  through 
the  capillaries  at  the  time,  and  that  the  pulse,  therefore,  is  no 
measure  of  its  speed. 

The  ventricles  of  the 'heart  appear,  under  common  circum- 
stances, to  throw  out  about  an  ounce  and  a  half  of  blood  at  every 
isontraction-— or  about  seven  pounds  per  minute.  Now  if  the 
body  contain  about  twenty  pounds  altogether,  as  seems,  ,to  be 
the  case,  the  whole  would  circulate  twenty  times  in  an  hour. 
This  would  give  an  average  velocity  of  about  eight  inches  per 
second  in  the  aorta,  but  gradually  less  in  the  smaller  arteries, 
because  whenever  a  vascular  channel  subdivides^  the  branches 
taken  collectively  have  considerably  greater  area  than  the  trunk 
from  which  they  arise,  and  tbe  current  diminishes  in  a  corres- 
ponding proportion, — -just  as  the  speed  of  a  river  stream  is 
always  less  in  the  parts  which  are  deeper  and  broader.  The 
velocity  in  the  extreme  capillaries  is  found  to  be  often  less  than 
one  inch  per  minute.     In  the  veins,  tbe  blood  must  move  more 
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slowly  than  in  correspondihg  arteries^  in  proportion  » the  reins 
are  more  capacious  than  the  arteries. 

The  puhe. 

The  opinion  which  the  ancients  held,  titat  the  arteries  con- 
tained vital  spirits  or  air  and  not  blood,  rendered  the  pulse^ 
to  them,  a  very  mysterious  phenomenon;  and  many  curious 
hypotheses  were  framed  to  explain  it  These  it  would  now  be 
.  unprofitable  to  detail.  Even  Hanrey's  grand  discovery  of  the 
circulation,  however,  has  not  rendered  the  subject  so  simple  as 
might  have  been  anticipated.  The  following  opinions  now 
exist,  or  have  lately  existed,  with  respect  to  the  pulse. 

-  1st.  The  great  majority  of  physiologists  have  believed  that  a 
tumefaction  is  produced  in  the  aorta  by  each  jet  of  blood  from 
the  heart,  and  spreads  afterwards  as  a  wave  Into  all  the  arterial 
branches.  2d.  .Many  have  supposed  a  contractile  action  of  the 
arteries  themselves,  corresponding  to  that  of  the  heart.  3d. 
Bichat,  unable  by  any  means  to  detect^the  slightest  change  of 
diameter  in  the  arteries  during  pulsation,  but  perceiving  that  in 
many  situations  they  were  at  the  time  somewhat  lengthened,  so 
that  straight  portions  became  bent,  and  originally  bent  portions 
were  bent  still  more,  held  that  this  locomotion  of  the  arteries 
was  the  cause.  4th.  Others  have  supposed  the  impulse  of  the 
heart's  contraction  to  be  transmitted  through  the  fluid  blood, 
somewhat  as  sound  is  transmitted  through  bodies  generally,  or 
as  a  blow  struck  on  one  end  of  a  log  of  wood,  is  felt  distinctly 
by  a  hand  applied  to  the  other,  although  there  be  no  visible 
locomotion.  5th.  Dr.  Young,  in  the  paper  in  the  Philosophical 
Transactions  already  alluded  to,  has  shown  that  a  sudden  Tush 
forward  of  the  blood  in  the  artery,  such  as  might  be  prodoeed 
by  injection  at  one  end  of  a  rigid  tube,  would  be  t^lt  by  a  finger 
applied,  quite  as  distinctly  as  a  tumefaction;  and  be  deems  this 
occurrence  to  be  a  chief  caose  of  the  pulse.  Dr.  Parry,  in  his 
work  on  the  pulse,  points  to  this  almost  exclusively  as  the  caase^ 
Now  the  truth  is,  that  the  pulse  in  the  living  body  does  not 
depend  upon  any  one  of  the  particulars  just  noticed,  but  has  ail 
of  them  as  elements;  audita  fiuctoatioM  and  varieties  depend 


upon  the  pFoportkm*  in  which  these  eiements  we  combined. 
We  shall  review  them  again  to  prove  this. 

Ist  At  each  jet  of  blood  thrown  into  the  aorta,  a  tumefaction 
or  wave  must  spread  from  the  heart  to  the  extremities;  for  it  is 
evident,  tltat  if  blood  be  at  all  pushed  into  the  arterial  system^ 
it  either  must  dilate  it,  or  cause  an  equal  quantity  to  be  expelled 
at  the  same  instant  from  the  distant  extremities:  now  as  the 
passage  of  blood  through  the  capillaries  appears  perfectly  uni* 
form,  there  must  be  an  intermediate  dilatation.  Dr.  Parry  and 
others  should  not  have  denied  this  dilatation  because  they  could 
not  see  it:  for  even  if  its  advancing  front  were  more  considerable 
than  it  is,  because  it  passes  almost  with  the  velocity  of  a  shock  . 
of  oiectricityy  it  could  no  more  be  visible  than  a  cannon  ball 
crossing  before  the  face. 

2d.  Contraction  of  the  arterial  coats  certainly  does  not  take 
place  in  the  manner,  and  to  the  extent  supposed  by  some  who 
have  spoken  of  it  as  resembling  the  contraction  of  the  heart 
itself,  and  as  what  might  be  a  substitute  for  the  action  of  the 
heart  in  propelling  the  blood;  but,  as  shown  at  page  440,  the 
rigidity  of  tube  which  causes  the  pulse  to  be  transmitted  so 
quickly  in  all  degrees  of  arterial  dilatation,  can  depend  on  noth- 
ing but  a  contraction.  There  are  some  reasons  for  doubting 
whether  this  rigidity  may  not  increase  at  the  moment  of  the 
pulse. 

3d.  Unless  the  arterial  tubes  were  absolutely  inelastic,  which 
they  are  far  from  being,  they  mi$si  be  lengthened  a  little  by  a  sud- 
den  injection  of  blood,  and  therefore,  at  all  the  curvatures  par- 
ticularly, there  must  be  a  degree  of  locomotion,  often  sensible 
to  a  finger  applied. 

4th.  That  a  tangible  shock  is  conveyed  through  a  fluid  with- 
out any  apparent  accumulation  of  it  or  change  of  velocity,  and 
much  in  the  manner  of  sound,  is  proved  by  the  facts,  that  we 
may  discover  the  working  of  a  water-pump  at  very  great  dis- 
tances, through  iron  pipes  connected  with  it,  and  even  through 
elastic  pipes  of  leather,  as  those  of  a  common  fire-engine,  from 
which  the  water  is  spouting  nevertheless^  in  a  uniform  streaob 
The  pulse  in  a  tied  artery^  in  which  there  is  no  current  or  rush- 
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ing  wave,  must  be  chiefly  from  tfait  cmise,  and  from  the  loco- 
motion of  the  artery. 

5th.  That  any  additional  quantity  of  fluid  injected  into  elastic 
vessels  already  full  must  spread  all  over  with  hforuoard  rush^ 
affecting  the  finger  of  an  examiner  as  described  above,  is  also 
most  certain.  As  the  heart/ however,  often  beats  without  dis* 
charging  much  of  its  blood,  and  as  in  many  arteries,  from  inac* 
tion  of  the  capillaries,  or.  pressure,  the  blood  for  a  time  makes 
little  or  no  progress,  while  the  pulse,  however,  remains  very 
distinct,  the  pulse  in  such  cases  must  be  produced  independent* 
ly  of  the  forward  rush.  .  An  animal  intestine  prepared,  and 
filled  with  water  or  air,  and  laid  upon  a  table — or  a  full  vein  io 
the  living  body,  carries  a  rapid  and  distinct  pulse  to  a  great  dis- 
tance when  gently  tapped  by  the  finger.  The  cause  of  the 
sensation,  then,  cannot  be  the  simple  forward  ru^A  without  tu- 
mefaction, described  by  Dr.  Young  and  Dr.  Parry. 

In  whatever  proportions  these  particulars  combine  to  form 
the  pulse,  its  force  will  be  proportioned  to  the  size  of  the  arte* 
ry.*  Hence  as  an  artery  leading  to  an  inflamed  part  becomes 
of  greater  caliber,  its  pulse  also  becomes  stronger. 

It  is  a  remark  respecting  the  pulse,  appearing  to  the  author 
worthy  of  deep  consideration,  that  if  the  purpose  of  the  heart 
and  arteries  were  merely  the  propulsion  and  conveyance  of  the 
blood,  their  structure  and  action  would  form  most  signal  devia- 
tions from  the  ascertained  rules  of  fitness  io  mechanics.  In 
machines  of  hutnan  contrivance,  it  is  one  of  the  most  important 
maxims  '^  to  avoid  all  shocks,  or  jerking  motions;"  and  in 
former  parts  of  this  work,  we  have  described  fly-wheels,  air- 
vessels,  springs,  &c.  as  means  of  accomplishing  this,  and  there- 
by, of  preventing  the  tearing  and  straining  of  parts  which 
would  else  happen.   In  the  human  bpdy ,  also,  we  have  bad  to  de- 


*  Experience  points  out  lO.  itrong^  the  iacorrectnem  of  this  remark  thmt  we 
are  surprised  our  author  should  have  ventured  to  make  it  It  ought  always  to  be 
borne  in  mind  that  arteries  are  /totn^  machines.  Every  one  having  any  experi- 
ence, must  have  felt  the  pnlse  large  and  soft,  with  n  feeble  befet,  and  also  small  sad 
bftfd  and  with  a  strong  beat.  A  v.  £». 
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scribe  iiie  beautiful  elasticity  of  the  apine,  of  the  arch  of  the 
foot,  of  the  cartihi^es  of  joints,  &e.,  as  contrivances  answering 
the  same  ends:  and  to  remark  that,  in  other  cavities  than  the 
heart,  which  are  alternately  filled  dnd  emptied  like  it,  as  the 
stomach,  bladder,  uterus,  &c.,  there  is  smooth  and  gradual  ac* 
tion.  The  heart  alone  is  the  ragged  anomaly  which,  from  be- 
fore birth  ut^til  the  dying  moment,  throbs  unceasingly,  and 
sends  the  bounding  pulse  of  life  to  every  part:  and  which  mor&^ 
over,  instead  of  being  secured  and  tied  down  to  its  place,  is  at- 
tached at  the  extremity  of  the  aorta,  like  a  weight  at  the  end  of 
an  elastic  rod  or  plank,  and  every  time  that  it  fills  the  aorta,  it 
is  thrown  with  violence,  by  the  consequent  sudden  tendency  of 
the  vessel  to  become  straighter,  against  the  ribs,  in  the  place 
where  the  hand  applied  feels  it  so  distinctly  beating. 

Now  one  use  of  the  pulsation  of  the  heart  probably  is,  by 
the  aviation  and  churning  which  the  blood  suffers  in  passing 
through  it,  to  keep  in  complete  mixture  all  the  heterogeneous 
parts  of  the  blood,  and  which  so  readily  separate  when  left  to 
repose: — ^but  this  cannot  be  the  only  use,  for  the  object  might 
have  been  more  simply  attained;  and  we  may  conclude  that  the 
phenomenon  has  relation  to  some  important  law  of  life  still  hid- 
den from  us.  The  cause  commonly  assigned  for  the  heart's  con- 
traction is  the  stimulus  of  the  blood;  yet  if  we  reflect  that  the 
heart  will  beat  after  removal  from  the  body,  and  when  it  con- 
tains only  air;  and  that  during  life  it  beats  with  extraordinary 
regularity,  whether  the  state  of  the  circulation  allow  it  to  empty 
itself  at  each  beat  or  not,  wb  perceive  that  the  cause  is  more  ob- 
scure. We  cannot  contemplate  this  subject  attentively  without 
perceiving  a  strong  analogy*  between  the  action  of  the  heart  and 
some  electrical  ];rfienomena  in  which  there  are  successive  accu- 
mulations and  exhaustions  of  power;  and,  recollecting  the  im- 
portant relations  which  late  researches  have  shown  to  exist  be- 
tween electricity  and  certain  actions  of  life,  the  inquiry  becomes 
more  interesting.  Galvanism  can  excite  the  muscles  to  their 
usual  actions;  it  effects  the  secretions  and  the  digestive  fuaction, 
and  the  breathing  in  asthma;  strong  animal  passion  seems  to 
produce  electrical  excitement^  and  certain  animals  have  the  fa- 


464  FLirn>XT7  uf  aelation  to  animals. 

evky  of  stunning  their  encsnies  by  an  Qlectrteal  dbch^rn^ 
The  pulse,  then^  in  its  soddeo,  strong  and  regular  racurreneet 
may  be  a  kindred  phcsiooienon.  In  this  yieiv^  iher^  would  be 
kss  difficulty  in  supposing  a  momentary  stifiening  or  slight  eon- 
tra(Ction  of  the  whole  arterial  system,  such  as  th^  sudden  rising 
of  the  mesenterie  arterial  tree  sp  readily  suj^gests;  if  there  be 
such,  however,  it  is  still  dependent  on,  and  proportioned  to,  the 
action  of  the  heart;  for  it  oecurs  only  with  that  of  the  heart,  it 
indicates  any  disturbance  of  the  heart's  setioni  and  at  death,  it 
ceaeea  in  the  remote  extomities  fivst 

The  preoediog  consideration  exhibit  the  pulse  as  a  complex 
subject,  and  one  on  which  professional  opiniona  are  not  yet  set* 
tied.  By  showing  its  dose  relation  to  the  powers  of  life,  they 
also  prove  it  to  be  an  object  of  high  importance  to  the  medical 
practitioner.  This  last  truth  has  scarcely  been  questioned  but 
by  persons  either  utterly  uninformed,  or  singularly  deficient  in 
the  power,  of  tactile  discernment;  yet,  because  ne  simple  and 
good  analysis  pf  the  pulse,  and  detail  of  its  relation  to  morbid 
states^  has  been  produced,  the  degrees  of  skill  with  respect  to  it 
acquired,  by  individual  practitioners  is  very  various,  and  in  a 
great  measure  .accidental.  Some  try  the  pulse  merely  for  form's 
sake,  because  patietifs  expect  it;  many  examine  it  only  to  count 
its  frequency;  but  others  read  in  it,  with  confidence,  much  of 
the  history  and  probabilities  of  the  disorder,  and  4^eide  on  the 
treatment  accordingly.  Few  yirho  have  attended  to  the  subject 
at  all,  can  confound  the  pulses,  of  such  diseases,,  as  acute  rhet^* 
matism,  gastric  inflammation,  the  fits  of  s^guo^  &c*  The  author 
rpmembers  to  have  conversed  with  a  Chinese  practitioner  wha 
had  only  the  scanty  medical  iiiformatjon  of  his  countrymen,  but; 
who  judged  by  the  pu)s^  v^ith  singular  penetration. 

The  changing  circumatances  in  the  state  of  the  circulatory 
system^  connected  with  health  and  difloase.,  and  discovenri^le  by 
a  fing^  watching  the.  pulse,  seem  to  be  chieSy  the  following; 
and  the  epithets  added  in  italics,  are  those  which  Beem  best,^ 
to  indicate  the  sensations  perceived.T-The  artery  at  the  wrist ia 
that  generally  chosen  for  examination^  because  it  is  covered, 
.only  by.skiOtja«d  has  nothing  between  it  an4  th^  t»^  below. 
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Ist  The  number  of  the  contractions  of  the  heart  in  a  given 
time,  anchthe  regularity  of  their  recurrence. — Puhe,  frequent y 
slow^  intermit ienf^  equal,  regular ,  of  varying  force, 

4^d.  The  degree  of  the  heart's  contraction,  or  the  quantity  of 
blood  ejected  at  each  time;  and  the  corresponding  state  of  the 
capillaries  as  to  the  quantity  of  blood  passing  through  them. — 
Pulse,  fxilly  long,  lobotiring,  bounding,  feeble. 

3d.  The  force  of  the  heart's  action,  with  the  correspondent 
arteital  tension  or  rigidity. — Pulse,  hard,  sharp,  strong,  tviry, 
weak,  soft,  yielding. 

4th.  The  suddenness  of  the  individual  contractions  of  the 
heart,  and  the  rigidity  of  the  vessels  in  conveying  the  shock. — 
Pulse,  quick,  tardy.- 

5th.  The  size  of  the  artery  for  the  time,  whether  larger  or 
smaller  than  usual. —Pulse, /ii//,  large,  strong,  small,  weak. 

Superficial  as  is  this  sketch,  it  may  show  that  a  good  treatise 
on  the  subject  of  the  pulse,  as  connected  with  disease,  is  yet  a 
desideratum  in  medicine.  The  sort  of  empirical,  but  useful 
tact  which  many  persons  acquire,  is  not  fitted  to  satisfy  the  rea- 
soning physician;  whose  mind  should  have  always  present  to  it 
the  various  constituents  of  the  pulse,  and  all  the  important  cir- 
cumstances of  health  or  disease  related  to  its  indications.  The 
laboured  treatices  of  Solano,  Sordeu,  Boerhaave,  &c.  may 
treat  of  what  were  clear  ideas  to  their  authors  but  by  not  refer- 
ring to  the  physical  causes  of  many  varieties,  they  become  so 
obscure  toothers,  that  many  of  the  divisions  and  denominations 
appear  altogether  fanciful.  Dr.  Young's  excellent  paper  in  the 
Philosophical  Transactions  details  important  facts,  as  far  as  it 
goes,  but  it  was  not  intended  to  point  out  all  the  pathological 
relations.  Dr.  Y.,  guided  by  general  principles,  asserted  a 
progressive  motion  of  the  pulse,  while  other  authors  were  hold- 
ing it  to  be  quite  simultaneous  over  the  whole  system.  He 
might  have  mentioned  in  proof,  that  careful  examination  can 
practically  detect  the  succession  of  beats,  particularly  at  the 
four  stations:  Ist.  of  the  heart;  2d.  in  the  lip;  3d.  at  the  wrist; 
4th.  at  the  ancle: — ^but  the  interval  of  time,  even  between  the 
extremes,  being  only  a  small  part  of  a  second,  persons  will  of- 

3N 
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ten  fail  to  make  their  first  experiment  satisfactorily.  Dr.  Par- 
ry's treatise  on  the  pulse,  which  is  the  last  one  of  note,  although 
having  excellencies,  errs-— inr  attributing  the  phenomenon  to  one 
cause  too  exclusively — in  denying  arterial  dilatation,  because 
it  was  not  discovered  by  his  mode  of  searching  for  it,— in  sup- 
posing that  a  liquid  column  in  an  elastic  tube  can  be  made  to 
advance  like  a  solid  rod,  or  a  line  of  billiard  balls.  The  too 
common  neglect  of  mechanical  philosophy  by  medical  men,  is 
signally  proved,  by  our  finding  in  works  of  authority,  publish- 
ed at  the  present  day,  such  statements  as  that  the  arterial  pulse 
may  be  more  frequent  or  less  frequent  than  the  beatings  of  the 
heart  Dr.  Crood  (study  of  medicine)  says,  that  there  may  be 
various  frequency  of  pulse  in  various  parts  of  the  body  at  the 
same  time;  Richerand  {physiologic)  says,  the  pulse  is  more 
frequent  in  the  artery  leading  to  a  whitlow  than  at  the  same 
time  elsewhere;  and  many  practitioners  share  these  notions. 
What  a  satire  on  the  medical  profession  is  this  disagreement^  od 
a  point  which  to  common  observers  seems  above  all  others  to 
occupy  the  attention  of  the  attendant  on  the  sick!   • 

.  Having  now  explained  the  circulation  of  the  blood  in  general, 
we  proceed  to  consider  some  cases  where  mechanical  circum- 
stances modify  it. 

Circulation  in  the  Head. 
The  head  may  be  considered  as  an  air-tight  vessel  or  cavity 
of  bone,  containing  chiefly  brain  and  blood,  and  having  open- 
ings which  admit  blood-vessels  leading  to  and  from  the  heart 
The  atinospheric  pressure,  therefore,  always  keeps  the  head 
fiill,  as  it  keeps  the  top  of  a  syphon  full;  and  because  the  sub- 
stance of  the  brain  itself  does  not  sensibly  change  in  bulk  by 
any  ordinary  degree  of  pressure,  their  must  always  be  the  same 
quantity  of  blood  in  the  head,  how  much  soever  the  quantity 
may  vary  in  the  body  generally.  Regard  to  this  important 
truth,  a  knowledge  of  which  has  followed  the  discovery  of  the 
true  nature  of  atmospheric  pressure,  enables  us  to  explain  ma»y 
hitherto  obscure  facts,  both  in  health,  and  in  disease; — as  the 
following  instances  will  show. 
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If  from  any  caose  the  arteries  in  the  head  become  too  full  of 
blood,  in  the  same  proportion  the  yeins  must  become  too  emp- 
ty; or,  if  the  veins  be  too  full,  the  arteries  must  be  too  empty: 
end  in  either  case  the  circulation  in  the  head  will  be  in  a  cor- 
responding degree  iroi)eded,  because  when  one  part  of  a  chan- 
nel is  narrowed  or  diminished,  the  current  throughout  the  whole 
is  slackened.  Now  as  insensibility  supervenes  when  the  supply 
of  fresh  blood  to  the  brain  is  interrupted,  and  death  follows  if 
the  interruption  continues  long,  it  seems  evident  that  in  many 
of  the  cases  of  apoplexy,  where,  on  inspection,  there  is  found 
nothing  but  a  fulness  of  the  arterial  or  of  the  venous  system  of 
the  head,  death  has  happened  merely  because  the  circulation 
was  arrested  in  this  way.  In  other  parts  of  the  body,  not  cir* 
cumstanced  like  the  brain,  anr  excess  of  blood  in  one  set  of  ves- 
sels may  happen  with  perfect  impunity  to  the  individual. 

Simple  increase  of  pressure,  produced  by  the  blood  on  the 
brain,  provided  the  proper  balance  exist  between  the  quantity 
in  veins  and  arteries,  has  no  injurious  effect  This  is  proved 
by  the  safe  descent  of  a  person  in  the  diving-bell,  where  at 
thirty-four  feet  under  the  surface  of  the  water  the  body  is  bear- 
ing an  additional  pressure  of  fifteen  pounds  on  the  square  inch 
(see  page  291,)  which  pressure  through  the  blood-vessels  affects 
the  brain  as  much  as  any  other  part. — On  the  other  hand,  when 
a  man  climbs  a  mountain,  or  ascends  in  a  balloon,  the  brain  is 
less  pressed  than  usual;  but  the  proper  balance  of  artery  and 
vein  being  maintained,  no  inconvenience  is  felt  The  inhabi- 
tants of  some  of  the  valleys  among  the  Andes  are  as  far  above 
the  sea  as  they  would  be  at  the  top  of  Mont  Blanc,  where  the 
atmosphere  presses  only  half  as  much  as  on  the  sea-shore,  but 
they  enjoy  good  health. 

As  the  box  of  the  cranium  encloses  the  brain  so  as  to  leave 
no  vacant  space,  it  is  evident,  that  when  the  heart  injects  blood 
with  unusual  violence,  the  strain  at  &rst  is  chiefly  borne  by  the 
iCraniuiij,  and  not  by  the  coats  of  the  blood  vessels.  Hence  the 
arteries  of  the  brain  are  not  nearly  so  strong  as  those  of  other 
parts  of  the  body. 

The  veins  of  the  brain  are  also  peculiar;    Copmoa  vsina  in 
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the  bead  would  collapse  by  any  sudden  t^eion  of  the  arteries 
and  if  they  did,  insensibility  or  death  would  ensue,  on  accoimt 
of  the  consequent  stoppage  of  the  circulation.  The  chief  chan- 
nels, therefore,  for  the  refluent  blood,  instead  of  being  common 
compressible  veins,  are  what  have  1>een  called  stnu^es^  or 
groove^  in  the  bone  itself,  with  exceedingly  strong  membraooua' 
coverings,  supported  so  powerfully,  that  the  channels  become 
in  strength  little  inferior  to  complete  channels  of  bone.  This 
singular  deviation  in  the  structure  of  the  cerebral  veins  from 
that  found  elsewhere,  and  without  which  deviation  animal  ex-- 
istence  could  irot  be  continued,  is  ooeof  those  particulars  which 
powerfully  affect  the  contemplative  mind,  as  proofs  of  the  de- 
signing intelligence  which  has  planned  this  glorious  universe. 

From  not  adverting  sufficiently  to  the  fact  which  we  are  now 
explaining,  of  the  cranium  bring  a  vessel  always  full,  and  which 
will  hold  only  a  certain  quantity,  misconception  has  prevailed 
among  medical  men  with  respect  to  many  of  the  aflections  of 
the  brain< 

It  has  been  said,  for  instance,  that  the  substance  of  the  brain 
cannot  bear  pressure  with  impunity,  for  that  atupor  immedi- 
ately follows  it,  however  produced.  Now  the  truth  is^  that 
pressure  produces  stupor  only  when  it  interferes  with  the  cir-- 
cqlation.  In  wounds  with  loss  of  a  large  piece  of  the  cranium, 
the  brain  will  bear  very  rough  handling,  because  if  compressed 
at  one  part,  it  may  bulge  in  another,  and  leave  the  circulation 
free.  But  if  the  wound  be  small,  pressure  made  through  it  in- 
stantly affects  the  whole  brain,  and  the  blood  from  below  itpr&* 
vented  from  entering. — Let  one  reflect  for  an  instant  on  what 
happens  to  the  fcetal  head  during  parturition, — ^how  often  it  es- 
capes elongated  and  bent,  almost  as  it  were  of  soft  clay — ^yet 
the  child  lives  and  thrives,  and  the  oatural  form  is  soon  reco- 
vered,— The  reason  is,  that  the  fo&tal  skull  is  soft,  and  pres- 
sure in  one  part  is  relieved  by  a  corresponding  bulging  or  ex- 
tension in  another,  and  the  blood  is  not  expelled. 

Water  in  the  head,  again,  is  said  to  kill  by  this  fatal  pfessitfe. 
on  the  tender  brain:  but  in  reality,  it  kills  by  mechanically  ar- 
resting  the  circulation.    Accordingly  we  see^  that  where  the 
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Jhnfanelk  stiff  remains  open,  or  vehere  the  sutures  or  joinings, 
of  the  skui]  win  yield,  water  may:  aocoiniihte  to  a  great  degree  ^ 
without  eaosing  distorbanee. 

A  tumour  in  the  bram,  which  would  be  of  no  consequence  if 
the  brarn  were  uneonfined,  soon  beeomes  fiital  by  occupying 
room  in  the  skull,  and  in  the  same  degree  excluding  or  check- 
ing the  supply  of  blood. 

If  the  substance  of  the  brain  at  all  increase  and  dimiBish  m 
bulk,  as  muscles,  &c,  under  certain  circumstances,  do  in  the 
body  below,  all  such  changes  must  produce  a  considerable  effect 
on  the  cerebral  circulation  and  functions. 

Effects  of  position  mi  the  circulation. 

While  a  roan  is  in  a  standing  attitude,  the  heart  and  arteries 
have  to  send  the  blood  up  to  the  head  against  gravity:  but  in  the 
horizontal  position,  the  blood  if  equally  propelled,  must  arrive 
with  greater  force,  because  gravity  then  does  not  resist  Hence 
head-ache  or  other  symptoms  arising  from  fulness  of  blood  in 
the  arteries  of  the  head,  is  often  relieved  by  the  upright  posi- 
tion, and  is  increased  by  lying  down. 

Many  people  who  have  had  a  slight  d^ee  of  tooth-ache  du*- 
ring  the  day,  find  it  intolerable  when  they  lie  down  at  night, 
and  are  relieved  again  by  rising  and  walking  about.  Common* 
ly  they  suppose  that  it  is  the  cold  which  then  lulls  the  pain;  but 
it  is  in  fact  the  change  of  position.  The  author  knew  one  lady 
who  was  obliged  to  sleep  for  months  in  the  sitting  posture,  be- 
cause she  had  a  tit  douloureux  in  the  face  whenever  she  lay 
down,  and  another  who  was  under  the  same  necessity  for  a  con- 
siderable period  after  an  inflammatory  affection  of  the  brain,  be- 
cause if  her  head  fell  low  during  sleep  she  was  immediately  as- 
sailed by  a  terrific  dream  of  swords  driven  into  the  brain. 

Delirium  in  fever  is  sometimes  checked  at  once  by  elevating 
the  head.  On  account  of  the  great  relief  thus  obtained,  some 
continental  practitioners  have  proposed  to  support  patients  oc- 
casionally in  an  upright  posture. 

Apoplexy  has  often  been  brought  on  by  a  man  bending  his 
bead  down  in  the  aot^  tying  his  shoe,  or  pulling  on  his  boot 
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Children  aad  tumUers  being  much  in  the  habit  of  placing 
their  bodies  in  all  positions,  feel  no  inconvenience  from  having 
the  head  downwards;  apparently,  because  arteries  and  veins  al- 
ways become  strong  enough  to  bear  the  pressure  to  which  they 
are  habitually  exposed;  but  to  many  old  people  accustomed  to 
keep  the  head  always  up,  the  attempt  would  be  fi^tal. 

Ulcers  on  the  legp  are  often  obstinate  and  will  bleed,  becaase 
the  veins  about  them  are  too  weak  to  support  the  lofty  columns 
of  blood  above.  Hence  the  frequent  counsel  given  in  such 
eases  to  keep  the  feet  raised  upon  a  chair. 

Many  inflammations  of  the  legs  and  feet  become  exceedingly 
painful  when  the  limbs  are  in  a  hanging  position,  and  the  pain 
is  relieved  by  laying  them  horizontally. 

Many  anasarcous  or  dropsical  affections  of  the  l^a  increase 
towards  night,  because  during  the  dependent  position  of  the 
legs  through  the  day,  the  absorbents  want  power  to  lift  the  fluid. 
The  swelling  disappears  again  bjefore  morning. 

When  the  heart  has  to  send  blood  upwards,  it  acts  more 
strongly  than  when  the  body  is  horizontal,  and  the  pulse  in- 
creases five  or  six  beats  in  the  minute:  hence  the  common  rule 
to  make  a  patient  with  hemorrhage  lie  in  the  horizontal  posi- 
tion, that  the  heart  may  become  tranquil,  and  allow  the  bleed- 
ing to  cease. 

Fainting  from  diminished  arterial  tension. 

Fainting,  which  is  a  temporary  cessation  of  the  action  of  the 
heart,  and  thence,  as  explained  above,  of  the  action  of  the 
brain,  is  produced  by  several  causes,  and  among  others,  by  any 
oecurrence  which  renders  the  blood-vessels  about  the  heart  sud- 
denly less  full  or  tense  than  usual.  It  would  appear  that  the 
heart  being  accustomed,  when  it  contracts,  to  a  certain  degree 
of  resistance,  has  its  action  disturbed  when  the  resistance  is 
much  diminished. 

.  Thus  hemorrhage,  from  any  cause,  by  lessening  the  general 
tension  of  the  sanguiferous  system,  often  causes  fainting.  The 
state  is  relieved  by  lying. down;  probably  because  the  still  ^ 
maining  weaker  action  of  the  heart  19  sufficient  to  send  blood 
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to  the  head  along  a  horizontal  ooune^  until  the  gradual  contrac** 
:tion  of  the  whole  vascular  system  reproduces  the  tension  neces- 
eary  to  perfect  action.  A  small  quantity  of  blood  taken  away 
suddenly  f  aflfects  the  circulation  as  much  as  a  larger  quantity  ta- 
ken gradually,  apparently  because  a  certain  space  of  time  ie 
required  for  the  gradual  lessening  of  vessels. 

The  operation  of  tapping  for  dropsy  in  the  abdomen,  would 
often  bring  on  fainting,  but  for  the  precaution  of  tightening  a 
broad  bandage  upon  the  body  as  the  water  flows.  The  reason 
is,  that  the  sudden  removal  of  a  large  quantity  of  fluid  which 
had  been  compressing  all  the  abdominal  vessels,  and  keeping 
them  perhaps  only  half  full  of  blood,  allows  them  again  sudden* 
ly  to  receive  their  natural  quantity,  and  thus  produces  a  relax* 
ation  of  the  other  parts  of  the  vascular  system* 

Sudden  parturition  often  causes  faintness  for  the  same  rea- 
sons. 

Even  rising  up  suddenly  from  a  horizontal  position  on  a  bed 
or  couch  will  cause  an  approach  to  fainting  in  weak  people,  or 
in  those  who  have  been  long  bed-ridden:  probably  because  the 
heart  having  for  a  time  been  accustomed  to  send  blood  only  in  a 
horizontal  direction  to  the  head,  does  not  in  an  instant  exert  the 
additional  power  required  to  lift  an  upright  column  with  equal 
force; — besides  that  tiie  blood  does  not  then  return  to  the  heart, 
by  the  veins,  from  the  inferior  parts  of  the  body,  so  readily  as 
before. 

These  various  facts,  now  earfly  understood,  form  the  reason 
of  a  rule  which  is  a  great  modem  improvement  in  the  practice 
of  the  healing  art,  viz.  in  bleeding  for  the  cure  of  inflammation, 
to  take  the  blood  away  as  quickly  as  possible.  This  subject 
deserves  a  little  farther  consideration. 

A'great  proportion  of  dangerous  diseases  involve  inflammation 
of  some  vital  organ;  and  inflammation  consists  chiefly,  as  already 
stated  at  page  444,  of  a  gorging  or  over-distension  of  the  capil- 
lary vessels  in  the  part  The  nature  of  the  capillaries,  again, 
IS  such  (page  443,)  that  when  not  maintained  constantly  full  by 
the  pressure  of  the  heart  behind  them,  they  gradually,  by  their 
•own  action^  empty  themselves  towards  the  veins,--*a6  is  seen  in 
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the  dfMppeanmee  of  a  ioeal  ioflcminftioQ  soon  after  the  daadi«of 
the  penon;  or  in  die  faet  of  the  arteriei  being  emptied  of  blood 
after  birthing  ceaaes,  &e.  Now  ever  aiDce  medicine  deserved 
*thc  name  of  an  art,  practitionera  have  accounted  the  laneet  their 
Bbeet^ancho^  in  inflammatory  disease;  but  it  isonly  in  late  tiiiiea» 
since  the  circulation  of  the  blood  was  understood,  that  they  hare 
known- the  rationale  of  the  remedy,  viz.  that  it  acts  by  diminish- 
ing vascular  tension,  and  hence  the  action  of  the  heart,  and  so 
allowing  the  imall  Teasels  to  empty  themselves  by  their  own 
ibrce,  and  to  recover  sufficiently  to  resist  the  return  of  an  ex- 
cessive load.  It  is  still  more  lately  that  they  have  understood, 
how  much  more  suddenly  and  completely  the  disease  is  cvired 
by  abstraction  of  a  small  quantity  of  blood  so  rapidfy,  ai  to 
produce  fainting,  than  of  a  much  larger  quantity  so  stmofy  tiiit 
isniy  weakness  follows.  Judicious  treatment  now  cures  in- 
flammation much  more  certainly  and  completely  than  was 
done  formerly,  yet  with  much  smaller  loss  of  the  precious  blood, 
and  with  less  danger  of  those  diseases  of  weakness,  or  of  th<t 
complete  bfeaking-up  of  the  constitution,  which  often  follow 
great  depletion.  To  induce  faintness,  large  openings  are  made 
into  the  veins — sometimes  into  two  veins  at  once,  and  the  patient 
is  kept  in  the  upright  attitude.  Often  thus  an  inflamed  eye, 
'Which  was  as  red  as  scarlet  before  bleeding,  in  a  few  minntes  ib 
rendered  nearly  of  the  natural  appearance;  and  intense'  inflam- 
mations of  the  brain,  lungs,  bowels,  &c.  are  removed  in  the 
teme  manner.  In  all  these  cases  the  fiiintness  seems  to  be 
equally  efficacious,  whether  it  happens  after  the  loss  of  ten 
Dunces  of  blood,  or  of  fifty;  or  even,  as  sometimes  occurs,  when 
it  happens  without  bleeding  at  all,  after  merely  tying  the  imi 
in  preparation. 

*  Reflection  upon  these  circumstances  led  the  author  to  think 
that,  in  certain  cases,  the  beneficial  efiects  of  blood-letting  mi^ 
be  attainable  by  the  simple'  means  of  extensive  dbry  cnpping^ 
tiUuded  to  at  page  313;  that  is  to  say,  by  diminishing  the  a^ 
toospherioal  pressure  on  a  considerable  part  of  the  body,  on  tke 
principle  of  the  cupping-jglass  used  Very  gently,  knd  thus  sud- 
denly removing  for  a  time  from  about  the  hearty  a  quantity^ 
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bloody  sufficient  by  ils  absence  to  produce  fatntneas.  The  rewHs 
of  trial  have  been  such  as  to  give  great  interest  to  the  inquiiy, 
and  the  author's  leisure  will  be  devoted  to  the  prosecution  of  Hh 
— An  air-tight  ease  of  copper  or  tin  plate  being  put  upon  a  limb> 
and  made  air-tight  by  a  leathern  or  other  suitable  collar  tied 
round  its  mouth  and  the  limb  with  bandages, — on  part  of  the 
air  being  then  eittracted  by  a  suitable  syringe,  in  an  instant  the 
vessels  all  over  the  limb  become  gently  distended  with  blood; 
and  as  the  blood  is  suddenly  taken  from  the  centre  of  the  body> 
faintness  is  produced,  just  as  by  bleeding  from  a  vein.  The 
excess  of  blood  may  be  retained  in  the  limb  as  long  as  desired, 
for  the  circulation  is  not  impeded.  To  produce  a  powerful  effect 
with  a  slight  diminution  of  pressure,  more  than  one  limb  must 
■beioperated  upon  at  tbe  same  time« 

An  instrument  resembling  the  contrivance  now  detertbed> 
was  proposed  about  twenty  years  ago  by  a  non-professional  per- 
son, as  a  means  of  drawing  all  sorts  of  diseases  out  of  the 
body  through  the  pores  of  the  skin.  He  enclosed  a  leg  in  an  air- 
tight case;  he  then  admitted  steam  to  heat  the  limb,  and  relax 
the  pores  of  the  skin,  as  he  said,  and  then  he  worked  an  air-pump 
to  draw  out  the  disease.  He  called  the  engine  the  air-pump 
vdpour^ath.  In  various  cases  where  its  true  action  was  desira- 
ble, although  not  understood  by  the  proposer,  nor  judiciously 
managed,  it  proved  ben^ficiaL 

The  operation  of  applying  tourniquets  or  bandages  round  the 
limbs,  so  as  to. prevent  the  blood  from  passing  easily  to  and 
from  them,  aflectsthe  action  of  the  heart.  It  is  said  sometimes, 
to  have  prevented  the  accession  of  ague.  It  is  a  means  akin  to 
those  above  described. 

Because  arteries  are  stronger  than  veins,  a  bandage  may  be 
put  round  a  limb,  tight  enough  to  close  the  veins  but  not  the 
HfterieSr'axKl  the  limb  will  then  swell  beyond  the  ligature^ 
By  thus  potting  tight  elastic  bandages  round  all  the  limbs  at 
once,  and  imoiersing  tbem  in  warm  water  to  favour  the  dilata- 
>tion  of  their  vessels,  so  much'  blood  may  be  suddenly  detained 
in  tbem  as  to  cause  the  person  to  faints  ^u^h  a^  means,  tbere- 
.fore,  might  also  be  used  iiemediaUy. 

30 
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la  .ibe  ^lame  way,  a  tight  handkerchief,  or  stock  round  the 
neck,  will  often  retain  the  venous  blood  in  the  head»  and  cauie 
apoplexy.*^— Strong  pressure  made  oo  the  jugular  veina  kills  af 
certainly  as  if.made  on  die  windpipe. 

When  a  Aerata*or  other  tumor  is  strangulated^  it  swells,  and 
if  not  relieved,  it  soon  mortifies. 

Diffused  pressure^  like  that  made  by  rolling  a  bandage  round 
a  whole  limb,  or  by  iihmersing  the  limb  in  fluid,  must  afl^t 
the  circulation.  The  veins  will  be  more  compressed  than  the 
arteries,  by  reason  of  the  distended  force  in  them  being  leas. 
Varicose  veins,  Uierefore,  are  usefully  supported  by  a  bandage 
dr  laced  stocking.  The  reason  why  this  manner  of  supporting 
assists  so  powerftrily  in  the  healing  of  ulcers  on  the  legs  may 
be,  that  the  support  affects  the  capillaries  and  absorbents  as  well 
^»  the  larger  vesseb* 

-  Poultices,  by  their  weight,  produce  a  soft  compression  of  the 
)iart8  on  which  they  are  applied;  and  in  certain  cases,  may  bene- 
fa  by  mechanioally  squeezing  the  excess  of  Uood  out  of  weak- 
«fi€ri  vesselk 

The  anthor  has  relieved  the  chronic  inflammation  of  a  sprained 
ancle,  hy  ordering  the  foot  and  leg,  covered  with  an'otled-<iilk 
irtocking,  to  be  enclosed  in  a  boot  strong  enough  to  support  the 
pressure  of  quicksilver,  and  to  be  then  surrounded  by  this  En* 
an  hour  or  more. — ^The  effect  is  a  pressure  by  the  fluid  metal  on 
the  Weak  vessels,  of  one  pound  to  the  square  inch,  for  every 
two  ihches  of  the  depth  of  metal  above  the  part — ^A  height  of 
feur  or  ftre  inches  gives  the  relief  expected.  A  much  greater 
elevation  would  stop  the  circulation  altogether.  No  bandage 
can-press  with  uniformity  approaching  to  this  action  of  a  fluid. 

The  effect  of  continued  pressure,  in  removing  morbid  tumours 
of  various  kinds,  is  explicable  on  the  same  principle.  The  au- 
thor doubts  not  that  in  such  cases,  pressure  properly  managed, 
would  prove  a  much  more  valuable  remedy  than  is  at  present 
generally  supposed*  The  elastic  steel  half-hoop,  with  one  cushion 
before  and  another  behind,  lately  introduced  for  the  relief  of 
hernia,  affords  an  admirable  mode  of  producing  a  imifoim  j 
sur^  of  any  desired  force  upon  the  female  breast. 
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Whea  a  mdn  stands  in  a  bath,  with  the  water  up  to  his  ehio, 
•there  is  a  pressore  of  the  water  upon  his  body^  proportioned 
every  where  to  the  depth  (see  page  242. )  This  pressure  mual 
produce  a  considerable  effect  on  the  blood  vessels  of  the  lower 
parts  of  the  body.  We  see  in  this  that  a  bath  must  propel  the 
blood  from  all  the  external  veins  of  the  body  towards  the  cavity 
oi  the  chesty  which  the  pressure  cannot  reach:  it  is  this  effect 
which  in  part  causes  the  feeling  of  thoracic  oppression  ezpe* 
rienoed  by  persons  on  first  plunging  into  water^  whiohfeeling 
is  usually  attributed  altogether  to  the  cold. 

The  old  practice  of  placing  a  patient  in  a  pit^  and  surrounding 
4iis  body  with  earth  or  sand,  must  have  had  a  mechanical  action 
4}f  the  kind  now  eontemphted,  in  addition  to  any  other  inAu- 
:ence» 

Transfusion  of  blood  irom  the  vein  of  a  healthy  person,  into 
that  of  one  fainting  or  dying  from  hemorrhage^  is  in  operation 
the  converse  of  some  of  those  mentioned  above.  It  has  becA 
firequently  performed  with  success.  The  cases  best  fitted  for  it^ 
are  those  of  flooding  after  parturition,  and  of  wounds;  and  these 
can  be  no  doubt  that  many  of  the  lives  lost  from  these  so  fre^ 
.quently  recurring  causesi  might  be  saved  by  its  adoption.  The 
;Uood  to  he  injected  is  received  into  a  vessel,  as  in  eomnuui 
Ueeding;  from  which  vessel,  by  a  fit-syringe  (eeepage  499,*)  it  is 
transferred  as  it  flows^  into  an  open  vein  of  the  patient.  The 
admission  of  air  with  the  blood  would  be  fatal,  and  has  therefore 
to  be  most  carefully  guarded  against.  The  last  interesting  le- 
port  upon  tiiis  subject  is  that  of  Dr.  Blundell,  in  bis  Physiologi- 
oal  Essays. 


RESPIRATION  AND  VOICE* 

The  doctrines  of  fluidity,  illustrating  and  illustrated  by  the 
animal  respiration  and  voice. 

As  the  motion  of  a  windmill  depends  altogether  on  thct  breesse 
to  which  its  v^es  are  j^xj^sed,  so  does  tiie  motion  and;  the.  life 
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of  tfMit  mest  wonderrul  of  stractures^  the  anima}  bodjr,  depend 
6ii  the  supply  of  air  for  its  breathing.     If  this  be  withheld  but^ 
for  a  few  moments;  painful  cohvulsions  eosae^  and  if  stilMon«* 
ger  denied,  the  body,  however  perfect  and  beautiful,  becomes- 
a  lifeless  corpse,  soon  to  putrify  and  be  decampo8ed<  > 

The  mechanical  nature  of  air,  as  to  its  lightnesi,  efatstici&y, 
&c.,  and  the  fact  of  its  forming  an  ocean  around  the  earth,  of 
about  fifty  miles  high,  were  fully  explained  under  j»f^eoma/f€»;^ 
but  the  precise  nature  of  its  life-sustuniog  action  has  yet  to  be 
elucidated  by  further  research  of  chemists  and  physiolofpsts.  * 
Thus  far,  however,  we  know — ^that  the  ingredient  called  oxygen^ 
constituting  a  fifth  of  the  atmosphere,  is  the  most  essential  psrt^— 
that  air,-  by  being  breathed  onoe,  is  rendered  unfit  for  farther  re« ' 
spiration  at  the  time — and  that  a  man  requires  about  a  galloij  per^ 
minute.  The  enterprising  Mr,  Spalding,  who  introduced  the 
use  of  the  diving-bell,  descended  with  a  companion  onthe  coast 
of  Irdand,  but  owing  to  the  «ignal  cord  becoming  entangled 
round  the  great  rope  of  the  bell,  which  had  turned  in  descending, 
he  eould  not  make  their  want  of  air  known  above,  and  both  w^re 
found  dead  when  the  bell  was  drawn  up  soon  after,  although  the 
water  had  not  touched  them.  Of  a  hundred  and  forty '•'Six  En|^ 
lishmen  who  in  the  year  1750  were  made  prisoners  at  Calcutta> 
and  were  thrown  into  the  dose  dungeon,  since  ealled  the  btack^ 
te/!e,  only  twenty -three  survived  the  hours  of  their  confinement, 
and  they  had  to  make  oneofthe  most  appalling  recitals  of  human 
KiffBring  which  exists  on  record. 

We  know  generaJly  H>f  the  life-supporting  action  of  air,  that 
it  coBsislstn-some  change  operated  by  the  air  on  the  bloody  and 
we  know  that  the  function  of  respiration  has  merely  to  bring 
air  and  blood  together  in  the  cavity  of  the  chest,  that  this  change 
may  take  jriace.  The  blood  in  the  chest  is  moving  along  a  part 
of  its  circle,  in  veeaels  of  extreme  minuteness  and  thinness,  and 
Ike  air  at  each  inspiration  rushes  in  among  these,  so  that  evety 
gtefoule  of  blood  passes  within  its  influence.  The  blood,  which. 
dlbn  having  served  the  purposes  of  the  body,  arrives  at  this *pait 
of  ili  course  black  and  impure,  immediately  after  its^exposuse 
to  the  air,  enters  the  left  chamber  of  the  hearty  of  a.beautiM 
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scwrtet  colour,  and  then<»«depart».to  .carry. new.  life,  to  tbcgaa^* 
era4  system*  »         , 

The  minute  veaseb  through  .which  the. ci^culatiog  blood  isi 
stninedin  thexbest  do  not  hang^looae  in  tbe'Cavity,  butare^ 
supported  by  running  through  spongy  masses,. called  4Jie  lung^, 
which  consist  chiefly  of  vessels  and  of  thin. membrane  foriped 
into  ceils.  The  ceU»at  every  inspiration  receive  fresh  air  througb*^ 
the  cartilaginous  wind^pipe  which  branches  into  them,*  and  at 
every  expiration  they  return  the  changed  air  by  the  same  channels 
to  the  atmosphere.  The  lungs  of  a  child,  before  birth,*  are  periect-^ 
lyoolfapsed,  or  without  the  least  air  in  their  structure,  andhenee 
are  dense  enough  to  sink  in  water;  but  .after  breathing,  they  re^ 
tsifl  a  portion  of  air,  and  mil  float.  This  fact  has  been  aooouat- 
ed»a  test  of  whether  a  child  had  been  born  dead  or  alive;*  ba4 
as  putrefaction,  &c.  will  cause  airUo. be. in. lungs^-which  hi^ye 
never  breathed,  the  criterion  may  be. fallacious.  .     ^ 

The  chest  is  a  *  large.  •cavit3i(  bounded  above  and  ayouod-by* 
the  ribs,  back-bone,  and  sternum,  and  below,  divided  from  th& 
abdomen  or  belly  by  a  strong  membranous  and  muscular  expan« 
9ton,  called  the  diaphragmi  The  ribs  in  the  natural  state,  hang 
obliquely  downwards  from  the  posterior  attachments  .to  'the 
spine^  and  on  being. raised  inrfront,  they  widen  or  increase  th&. 
size  of  the  cavity,  as  already  explained  at. page  214.  The 
cavity  is  farther  enlarged  by  the  descent  of  the  diaphragm,  whiA 
may  be  regarded  as  both  the -floor,  of  .the  *  chest,  and-the  roof  of, 
the  abdomen,  and  which  being  naturally  convex  upwards  like.a^ 
dome,  by  contracting  itself  to  a  more  flat  QOiMlition,  sinks'out 
of,  and  enlarges  the  chest,  while  it  descends  into  and  diwAishes 
tbe  abdomen.  *  -  j 

Now  on  the  chest  being  enlai^d  by  the  riBiD§iof  the.  ribs 
and  descent  of  the  diaphragm,  or  by  either  singly,  the  air  rushes, 
into  it  through  the  mouth  and  wind-pipe,  exaeily  as^ivruehas 
into  a  common  bellows  through  its  pipe,  when4he.i^lve  i%sbitt 
and  the  two  boards  are  drawn  apart;  and  air  is  again  expelled  bov^ 
the  lungs  by  the  contraction  of -the  chest,  as  from  the  belioms 
by  the  approximation  of  the  boards.  Into  both  cavities  aif  en- 
ten^ because  w^ith  the  enlarging ^meBsion8>  theair  wlric¥*wa8 
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wifllin  diktes  and  becomes  less  poweHtdlj  teose  or  resUting 
against  the  external  preMure  of  the  atmosphere,  and  ao  allows 
more  air  to  rush  in  to  restore  the  equiKbrium.  The  air  is  .ex- 
pelled again  by  the  contraction  of  the  cavitiesy  because,  bj  be« 
ing  compressed,  its  elastic  force  or  tension  becomes  greater  tfaaa 
that  of  the  external  air,  which  it  therefore  easily  repels,  and  so 
escapes. — By  immersing  a  common  bellows  in  water  and  then 
opening  and  shutting  it,  the  entrance  and  exit  of  the  fluid  i* 
rendered  very  apparent 

.  That  the  air  admitted  to  the  chest  should  have  the  fullest  a&« 
tion  on  the  blood  passing  there,  it  was  necessary  that  the  spoBQr 
mass  of  lungs  in  which  the  blood  vessels  ramify,  should  occupy 
the  whole  of  the  cavity,  and  be  equally  distributed.  Nois 
while  the  equable  distribution  is  efiected  iby  the  Uniform  .elasts* 
city  or  resilience  which  belongs  to  the  structure  of  lung,  the 
complete  filling  of  the  cavity  is  obtained,  not  by  general  attach** 
agents  between  the  lungs  and  the  ribs  or .  sides  of  the  chesty 
as  might  be  expected,  but  by  the  following  means,  equally  sim<* 
pie,  and  yet  more  perfect  The  spongy  mass  of  the  lung^  is 
completely  covered  by  a  strong  adherent  membrane  called  the 
pleura,  as  close  in  its  texture  as  a  bladder:  between  this  mem^ 
brane  and  a  aimilar  lining  of  the  chest  there  is  no  air  or  empty 
space,  and  therefore,  in  the  rising  and  falling  of  the  ribs  durif^ 
respiration,  this  membrane  remains  always  in  contact  with  them, 
just  aaa  bladder  put  into  a  bellows  as  a  lining,  with  its  mouth 
secured  around  the  no2zle,  is  filled  and  emptied,  and  remains  in 
contact  with  the  interior  of  the  bellows,  in  all  its  states,  of  diW 
tatioo,  as  if  there  were  attachments  in  a  thousand  places.*  This 
construction  allows  the  lungs  to  have  a  singular  freedom  of  play 
during  all  the  motions  of  the  body;  a  freedom  farther  psevided 
for  by  their  being  divided  into  five  portions  or  lobes,  of  which 
three  occupy  the  right  side  of  the  chest,  and  two  are  in  the  lefk, 
the  heart  occupying  in  the  left  the  place  of  the  third*  The  rtglU 


•  It  appears  to  ua  doubtful,  that  the  luDga  entirely  fill  the  cavities  of  the  chest, 
aa  asserted  by  our  author;  we  suspect  that  the  contractile  disposition,  or  elasilrl- 
ty  of  the  luDgs  prereatB  ^s.  Am.  E»t 


and  left  sides  of  the  chest  tre  formed  into  cavities  quite  distinct 
from  each  other  by  the*  mediastinum^  a  strong  membranous  par^ 
tijkion.  The  mechanical  disposition  of  the  contents  of  the  chest, 
as  now  desmbedy  is  productive  of  certain  consequences  which 
it  is  important  to  imderstandy — ^for  instance, 

If  a  wound  be.  made  in  one  side  of  the  chest  so  as  to  admit 
air,  the  lungs  of  that  side  collapse  in 'obedience  to  their  weight 
and  elasticity;  and  when  the  chest  afterwards  enlarges  and  di- 
minishes in  respiration,  air  more  easily  enters  and  leaves  the 
space  around  the  collapsed  lung,  through  the  wound,  than  it  can 
enter  or  leave  the  lung  itself  through  the  wind-pipe;  because  in 
the  first  case  it  has  no  fickrce  to  overcome,  and  in  the  second  the 
elasticity,  weight,  and  inertia  of  the  lung  oppose.  If  such  a 
wound,  therefore,  were  made  into  both  sides  of  the  chest  at 
once,  although  without  hurting  any  part  within,  the  person  un» 
less  assisted,  would  die  of  suffocation,  because  all  the  lungs 
would  remain  collapsed.  The  kind  of  assistance  required  in 
such  a  case,  is  to  press  the  ribs  down  so  as  to  empty  the  chest 
of  air  as  much  as  possible,  and  then  to  keep  the  wounds  close 
or  covered  while  the  ribs  rise  again;  the  air,  of  course,  then  en- 
ters by  the  natural  road,  the  only  one  left,  to  fill  the  chest,  and 
it  distends  die  lung,  and  reaches  the  blood  in  the  pulmonary 
vessels  as  usual  By  preventing  the  breath  from  escaping  by 
the  mouth  or  nose,  while  straining  with  the  muscles  of  ths 
chest,  as  in  the  action  of  blowing,  all  the  air  which  had  entered 
by  any  wound  in  the  chest  may  be  expelled.  In  Benjamis 
Bell's  system  of  surgery,  which  was  long  the  manual  of  practi* 
tioners,  from  imperfect  understanding  of  this  subject,  counsel 
was  given  the  very  contrary  of  that  required;  and,  of  course, 
any  patient  treated  accordingly,  must  have  been  Jost. 

In  cases  of  dangerous  hemorrhage  from  a  lung^  after  a  wound 
in  the  side,  the  proper  practice  is  to  allow  the  lung  to  collapse, 
as  now  explained,  that  the  bemorrhage  may  be  checked  f  and 
when  the  danger  is  past,  the  external  wound  is  to  be  closed, 
that  the  natural  play  of  the  lung  may  be  re-established.  Life 
may  be  supported  for  m.  time  by  thQ  lung  in  one  side  of  the 
chest 


480  PLtriDTrT  IK  RSlATtVK  TO  ANIMALS. 

In  caaes  of  hemoptysis,  or  spofytftoeous*  bleeding  from  4te 
idngs,  a  difiease  so  often  fatal,  life  might  sometimes  be  saved  or 
prolonged  by  making  an  opening  between  two  of  the  ribs,  and 
allowing  the  lung  to  collapse.  The  affected  lung  is  often  dear- 
ly pointed  out  by  the  circumstances;  and  the  opening,  when 
properly  made,  wonld  be  no  more  dangerous,  than  in  the  case 
where,  by  a  similar  opening,  .water  or  pus  is  dischar^ged  from 
the  chest. 

'  The  same  operation  has  been  tried-  as  a  forlorn  .hope  in 
pulmonary  consumption.  This  disease  is  often  limited  to  the 
lung  of  one  side,  and  as  the  alternate  stretching  and  collapse  of 
the  diseased  lung  during  respiration^  together  with  the  contact 
of  the  air,  powerfully  prevent  an  ulcer  from  healing,  or  in&am- 
tnation  from  subsiding,  a  new  chance  of  recovery  is  given  by 
Allowing  the  diseased  lung  to  collapse  and  remain  at  rest — Some 
cases  are  recorded  where  cure  is  said  to  have  followed  this  opera- 
tion, and  certainly,  where  the  circumstancesarefavourable  for 
it,  and  where  death  must  ensue  unless  it  can  save,  it  is  worth 
trying. 

When  ribs  are  fractured,  it  is  the  practice  to  put  a  bandage 
round  the  chest,  so  as  for  the  time  to  prevent  the  respiratory 
motion  of  the  ribs,  and  the  breathing  is  then  performed  by  the 
rising  and  falling  of  the  diaphragm  or  floor  of  the  chest,  as 
already  expleined:  it  bulges  into  the  chest  to  lessen  the  cavity, 
and  is  again  drawn  down  or  flattened  to  increase  the  ^cavity* 
Although  a  person  with  broken  ribs  is  obliged  to  submit  to  this 
nnnatural  restraint,  it  is  surely  the  height  of  folly  to  inflict  the 
same  on  healthy  beings,  as  is  yet,  however,  constantly  done 
among  yonng  women,  even  to  the  destruction  of  their  health, 
by  the  fashion  of  bracing  the  body  in  tight  stays. 

The  force  of  a  healthy  chest's  action  in  blowing  is  eqoal,  as 
stated  in  last  section,  to  about  one  pound  on  the  inch  of  its  sur- 
face; that  is  to  say,  the  chest  can  condense  its  contained  air  wilh 
that  force,  and  can  therefore  blow  through  a  tube  the  mouth  aS 
which  is  two  feet  under  the  surface  of  water.  In  sucking  or 
drawing  in  air,  the  power  is  nearly  the  same. — In  both  tbeae 
actions  it  is  possible  to  use  the  cavity  of  the  mouth  sepajsately 


fitoni  that  of  the  chest;  and  Ihe  mouth  being  smaHeri  with  strong- 
«r  nrescles  about  it  in  proportion  to  its  size,  it  can  act^mone 
■trongly.  Some  men  can  mick  with  the  mouth  so  as  to  make 
nearly  a  perfect  Tacuum,  or  to  lift  water  nearly  thirty  feet  In 
using  the  btow-pipe,  an  expert  operator  can  keep  up  an  uninter- 
rupted blast  by  shutting  the  mouth  behind  while  he  inhalea> 
and  repkniahing  it  as  is  requiiPed  in  the  intervals. 

In  coughing^  the  glottis  or  top  of  the  windpipe,  by  a  curious 
sympathy  of  parts,  is  first  closed  for  an  instant,  during  which  the 
chest  is  compressing  and  condensing  its  contained  air,  and  on 
being  then  opened,  a  slight  explosion,  as  it  were,  of  the  com- 
pressed air  takes  place,  and  blows  out  any  irritating  matter  that 
may  be  in  the  -air-passages;  just  as  the  burst  from  the  chamber 
of  an  air-gun  discharges  its  huHet  — ^Thiv  shutting  of  the  glottis 
to  allow  the  compression  of  the  air,  and  its  subsequent  opening 
to  allow  the  discharge,  may  occur  at  very  minute  intervals,  and 
many  times  for  one  fill  of  the  chest,  as  is  instanced  in  hooping- 
cough.-^The  action  of  cough  is  often  produced  by  irritation 
from  a  cause  which  cannot  be  removed  by  cough,  as  inflammation 
of  the  chest,  or  tubercles:  or  even  by  irritation  in  a  distant  part, 
as  when  children  are  teething,  or  when  the  stomach  is  ovei^ 
loaded. 

'  Sfne&Ung  is  a  phenomenon  resembling  oough,  only  the  chest 
enipties  itself  with  great  Violence  at  one  throe,  and  chiefiy 
through  the  nose,  instead  of  through  the  mouth,  as  in  coughing. 
The  irritation  that  produces  sneezing  is  generally  in  the  nose; 
but  as  in  the  case  of  cough,  sneezing  may  occur  from  distant 
sympathies:  witness  that' from  worms  in  the  bowels. 

Laughing  consists  of  quickly  repeated  expulsions  of  air  from 
the  chest,  the  voice  being  heard  with  them;  but  there  is  never 
complete  closure  of  the  entrance  to  the  windpipe  as  in  coughing. 

Crying  diflFers  from  laughing  almost  only  in  the  circumstance 
of  the  intervals  between  the  gusts  of  air  being  longer.  Children 
laugh  and  cry  in  the  same  breath,  and  it  is  often  difficult  to 
mark  the  moment  of  change. 

Hiccup  is  the  sudden  stopping  of  a  strong  inspiration  at  its 
commcnjcemeht. 

3P 
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In  straining  to  lift  weights,  or  to  make  any  powerful  ieffoitt 
the  air  is  shut  up  in  the  lungs,  that  there  may  he  steadiness  and 
firmness  of  the  person.  At  such  a  time,  by  the  compression 
and  condensation  of  air  around  the  heart  and  large  blood-vessels, 
the  blood  is  determined  violently  outwards  from  the  chest,  and 
often  rises  to  the  head,  with  force  that  produces  giddiness,  or 
even  apoplexy: — ^the  eye  will  become  suddenly  blood-shot, 
from  a  small  vessel  giving  way  during  straining;  and  leech-bites 
will  break  out  afresh. — The  force  of  this  pressure  outwards  is- 
measured,  as  ali^ady  stated,  by  a  column  of  about  two  feet  of 
blood;  and  this  is  therefore  the  measure  of  the  additional  arterial 
and  venous  tension  in  the  body  generally. 

Suffocation  is  the  name  given  to  what  happens  when  the 
supply  of  air  to  the  longs  is  in  any  Way  prevented.  The  bidod, 
not  then  refreshed  by  the  approach  of  the  air,  rises  to  the  brain 
unfit  for  its  purpose,  and  confusion  of  thought  is  immediately 
produced,  soon  followed  by  convulsion  and  death. 

When  that  happens  from  mechanical  obstruction  at  the  narrow 
entrance  of  the  windpipe,  as  in  croup,  by  the  tenacious  films 
thrown  ofi'from  the  inilamied  lining  of  the  air-passages,  Kfe  may 
be  saved  by  making  a  new  entrance  for  air  through  the  windpipe 
lower  down  in  the  neck,  and  keepingnt  free  by  a  little  tube  in* 
sorted,  until'the  obstruction  above  be  removed. — Where  children 
die  with  vroup,  it  is  frequently  not  from  the  violence  of  the 
constitutional  disease,  but  from  detached  films  thus  accidentally 
sticking  in  the  narrow  entrance  of  the  air-passage. 

In  the  cases  of  strangling  and  hanging,  the  tight  binding  of 
the  rope  or  ligature  crushes  inwards  the  cartilaginous  rings  of 
the  windpipe,'  and  shuts  the  air-passage.  It  may  also  cause  apo- 
plexy, by  arresting  the  passage  of  blood  to  and  from  the  head; 
and  there  may  be  dislocation  of  the  cervical  vertebrae  of  the 
spine. 

In  drotoningf  communication  with  the  atmosphere  is  cot  oflf 
altogether  by  the  supernatant  water,  and  if  the  chest  then  ex- 
pands, it  can  receive  water  only  instead  of  air.  The  nerves 
and  muscles,  however,  at  the  entrance  of  the  windpipe,  being 
ezeeedingly  irritable^  are  excited  by  the  contact  of  any  unusual 
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matteri  and  for  a  considerable  time  shut  the  passage  against  the 
intruding  liquid.  It  is  partly  on  this  account  that  after  immer- 
sion in  water  and  apparent  death,  when  the  body  is  recovered 
.within  a  noioderate  time,  the  life  is  often  preserved. 

The  apparatus  of  the  Humane  Society  for  the  recovery  of  per- 
sons apparently  drowned,  includes  a  bellows  for  producing  artifi- 
cial respiration.  It  resembles  a  common  bellows,  except  that  its 
flap  or  valve,  instead  of  being  internal  as  usual,  is  external  like 
a  large  flute-key,  with  a  spring  to  close  it,  and  obedient  to  the 
finger  of  the  operator*  The  bellows  receives  its  charge  of  fresh 
air  by  being  expanded  in  the  usual  way,  while  the  valve  is 
open;  it  sends  the  charge  into  the  lungs  on  being  compressed 
while  the  valve  is  shut;  it  withdraws  the  charge  again  on  being 
expanded  with  the  valve  shut;  and  the  impure  air  is  thrown 
out  to  the  atmosphere  on  its  being  compressed  with  the  valve 
open.  These  changes  repeated  and  continued,  produce  the  arti- 
ficial respiration  required.  It  is  most  important  to  remark 
here,  that  if  air  be  injected  into  the  lungs,  either  in  tpo  large 
quantity  or  very  suddenly,  instead  of  recalling  or  sustaining 
life,  it  is  as  certaip  a  means  of  killing  as  a  dagger  driven  through 
the  heart  This  truth  has  been  but  lately  known,  and  ignorance 
of  it  has  probably  decided  the  fate  of  many  persons,  treated 
with  a  view  to  recovery  after  submersion.  The  operator  should 
reflect  that  he  is  dilating  the  delicate  air-cells  of  the  lungs 
with  the  force  of  an  hydraulic  press;  and  that  if  he  do  so  very 
suddenly,  although  little,  lie  still  may  ruptiure  many  small  blood- 
vessels, before  they  can  empty  themselves  so  as  to  yield.  In  a 
bellows  for  the  purpose  of  ai^tificial  respiration,  there  should  be 
the  means  of  checking  its  opening  to  suit  the  capacity  of  the 
patient's  chest,  and  their  should  be  a  cock  in  the  pipe  or  nozzle, 
to  regulate  the  speed  of  the  passing  air. 

In  addition  to  artificial  breathing  for  the  recovery  of  suspen- 
ded animation,  it  is  often  necessary  to  restore  natural  warmth 
ta  the  body,  to  rub  the  limbs  in  aid  of  the  circulation,  to  ad- 
.  minister  stimulants  by  the  moutli,  to  excite  by  galvanism,  &c. 

It  seems  to  be  an  error,  and  probably  often  a  fatal  error,  in 
the  present  ipode  of  treating  persons  apparently  drowned,  to 
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use  cold  instead  of  warm  air  for  the  artificial  rtopiration.  Thus 
while  the  important  object  of  restoring  the  temperature  of  life 
is  sought  by  all  external  means,  the  great  inconsistency  is  com- 
mitted of  blowing  cold  air  upon  an  internal  surface  more  ex- 
tensive  than  that  of  the  whole  body  externally,  and  until  that 
reciprocal  action  of  the  air  and  blood  begins^  which  coostituteo. 
the  slow  combustion  of  natural  respiration,  every  bellows-fuH 
of  cold  air  admitted,  brings  back  with  it  a  portion  of  the  re- 
maining central  warmth,  and  may  thus  chill  so  as  to  make  the 
recovery  impossible: — as  a  fire  which  has  fallen. very  low  may 
be  immediately  extinguished  by  the  same  bellows,  which  a  little 
before  would  have  made  it  blaze.  A'ir  might  easily  be  heated  for 
the  purpose  of  respiration  by  pouring  boiling  water  into  a  vea* 
sel  containing  it,  and  ^hen  connecting  the  bellows  with  that 
vessel  by  a  fit  pipe:— a  quart  of  boiling  water  has  heat  enough 
in  it  to  warm  many  gallons  of  air  to  blood  beat  This  plan 
would  not  only  avoid  the  mischiefs  arising  from  the  cold  air^ 
but  by  afibrding  the  means  of  applying  warmth  even  higher 
than  that  of  life,  it  might  probably  furnish  the  most  useful  of 
all  stimulants  to  the  parts  about  the  heart.  A  healthy  man  can 
breathe  with  impunity,  air  that  is  considerably  hotter  than 
boiling  water. 

Late  physiological  investigations  have  shown  that  the  breath- 
ing, or  piechanical  action  of  the  chest  in  respiration,  is  so  de» 
pendent  upon  the  influence  of  the  brain,  as  tp  be  disturbed  and 
even  stopped  when  the  brain  is  embarrassed:  they  have  shown 
further  that  the  action  of  the  heart  is  dependent  on  the  breath- 
ing, but  not  on  the  brain,  except  as  the  cause  of  the  breathing 
— ^for  that  respiration  kept  up  artificially.  Will  preserve  the  cir- 
culation and  the  life  for  a  considerable  time  after  the  brain  has 
altogether  ceased  to  act,  or  even  has  been  removed  firom  the 
body.  Now  some  interesting  experiments  of  Mr,  Brodie,  have 
proved  that  certain  poisons  are  fatal,  merely  because  they  sus- 
pended for  a  time  the  action  of  the  brain — through  which  sus- 
pension the  actions  of  the  chest  and  heart  afterwards  cease,  and 
death  ensues:  but  that  in  such  cases  if  the  action  of  the  chest  be 
maintained  artificially,  the  circulation  and  life  of  the  body  will 
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be  for  a  time  continued,  and  the  brain  may  gradually  recover 
from  the  effect  of  the  poison,  and  resume  its  oflSce.     Thus  cer 
tain  cases  of  poisoning,  which  formerly  would  have  been  fatal, 
may  now  end  in  recovery. 

An  important  application  of  this  admirable  discovery  is  to 
die  treatment  of  cases  of  convulsion,  particularly  those  occur- 
ring fr«>m  teething  or  other  irritations  in  infancy.  The  respira- 
tion ceases  in  them  chiefly  because  the  action  of  the  brain  is 
suspended;  but  if  the  respiration  be  continued  artificially,  the 
circulation  and  life  will  also  continue  for  a  time,  during  which 
the  brain  may  recover  itself,  either  spontaneously,  or  in  conse- 
quence of  remedies  employed,  and  life  may  be  saved.  The 
same  practice  might  be  effectual  in  some  cases  where  spasm  of 
the  heart  in  grown  persons  has  rendered  the  brain  inactive,  by 
arresting  for  a  time  the  supply  of  blood. 

The  chest  of  an  infatit  is  comparatively  so  small,  that  it  may 
be  filled  from  the  mouth  and  windpipe  of  a  grown  pei'son,  with 
air  which  has  not  descended  to  the  lungs,  and  therefore  has  not 
been  rendered  unfit  for  respiration;  and  on  the  chest  being  af- 
terwards compressed  by  the  hand,  the  air  will  return.  The  air 
may  be  blown  directly  into  the  child's  mouth  through  a  thin 
handkerchief  laid  upon  it,  or  may  pass  through  a  tube  inserted 
into  the  nostril  or  trachea: — to  prevent  it  from  passing  into  the 
stomach,  the  larynx  must  be  pressed  against  the  oesophagus  dur- 
ing its  entrance.  Let  all  who  try  this  remedy  have  present  to 
their  minds  the  danger  of  inflating  too  much. 

Any  medicated  air  is  generally  inhaled  from  an  oiled-silk  bag, 
or  from  a  light  gasometer,  (see  page  368.)  When  the  com- 
pound nature  of  our  atmosphere  was  first  discovered,  great  ad- 
vantages were  anticipated  to  medicine  from  the  use  of  pneuma- 
tic or  aerial  mixtures.  These  expectations  have  not  yet  been 
realized,  but  the  subject  remains  highly  deserving  of  farther  re- 
search. 
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THE  VpICS  AND  SPEECH* 

The  chest  and  air-passages,  with  certain  additional  parts,  con* 
stitute  the  organs  of  voice  and  speech. 

An  inquirer  into  the  constitution  of  the  universe  around  hkn^ 
meets  with  few  things  calculated  more  to  surprise  him,  thaa 
that  faculty  in  the  human  mind  by  which  it  can  so  closely  asso* 
ciate  the  ideas  of  objects  with  any  arbitrary  signs  that  thQ 
ideas  are  afterwards  excited  by  the  signs  almost  as  vividly 
as  by  the  objects  themselves.  The  inhabitants  of  China,  for 
instance,  having  contrived  many  thousand  grotesque  charao- 
ters,  and  determined  what  object  each  shall  recall,  a  person  who 
by  study  becomes  familiar  with  them,  may  have  his  bodily  ey9 
poring  over  pages  of  crooked  and  unseemly  scratches,  while  his 
mental  eye  is  made  to  see  only  a  pleasing  succession  of  the  most 
beautiful  imagery  of  nature:  and  the  characters  are  intelligible 
to  the  deaf  and  dumb  man  as  well  as  to  him  who  speaks,  and 
they  serve  as  media  of  thought  and  communication  through 
many  provinces  and  countries  of  which  the  spoken  languages 
have  no  common  resemblanca 

If  the  ready  remembrance  of  visible  signs  be  wonderful, 
which  have  permanent  existence,  and  often  a  certain  resem- 
blance to  the  things  signified,  how  much  more  wonderful  is  it 
that  an  audible  sign,  that  is,  a  passing  sound  or  fugitive  breathy 
should  serve  as  well;  and  that  by  a  succession  of  mere  sounds,  dif- 
ferent in  every  country,  and  changing  from  age  to  age,  any  train 
of  thought  may  be  made  to  pass  through  the  minds  of  an  audi* 
ence,  so  as  to  excite  and  to  leave  impressions  almost  as  strong  as 
from  realities.  Such,  however,  is  the  fact,  and  jt  is  greatly  ow- 
ing to  this  and  to  a  corresponding  faculty  of  producing  easily  a 
sufficient  number  of  distinguishable  sounds,  that  man  owes  his 
elevation  above  the  brutes  of  the  field.  His  godlike  powers  of 
intellect  would  have  remained  dormant  and  unknown,  had  he 
wanted  the  power  of  comparing  his  invisible  thoughts  with 
those  of  his  fellow  men,  and  of  arranging  and  recording  them 
by  means  of  signs. — ^Written  language  is  a  double  remove  from 


THE  TOICE  AND  SPBECB.  48? 

the  objects  themselvesy  being  visible  signs  not  of  things,  but  of 
the  audible  signs. 

The  admirable  apparatus  by  which  man  is  enabled  to  produce 
a  suflScient  variety  of  sounds  to  answer  his  purposes,  passes  ge* 
nerally  under  the  title  of  the  organs"  of  speech;  because  the 
combination  of  sounds  which  have  meanings  assigned  to  them 
is  called  speech.  It  consists  of  the  chest  for  containing  air,  of 
the  larynx  or  cartilaginous  box  at  the  top  of  the  windpipe  for 
producing  the  voice,  and  of  the  short  tube  of  the  mouth  for 
modifying  it 

In  ^e  chapter  on  acoustics,  we  explained  that  sound  is  the 
name  given  to  the  effect  produced  upon  the  ear  by  certain 
tl*emblings  conveyed  to  it  generally  through  the  medium  of  the 
airi  and  we  explained  how  air,  rushing  from  the  human  lungs 
through  the  opening  at  the  top  of  the  windpipe,  causes  the  elas- 
tic lips  of  that  opening  to  vibrate,  and  to  excite  the  tremblings. 
We  have  now  to  show  that  this  sound,  in  passing  forward  from 
the  top  of  the  windpipe,  may  be  modified  at  the  will  of  the  in- 
dividual, in  a  great  variety  of  ways — a  variety  which  is  how- 
ever still  very  simple. 

The  modifications  of  voice  easily  made,  and  easily  distinguish^^ 
able  by  the  ear,  and  therefore  fit  elements  of  language,  are  about 
fifty  in  number;  but  no  single  language  contains  more  than 
about  half  of  them.  They  are  divisible  into  two  veiy  distinct 
and  nearly  equal  classes  called  vowels  ^knd. consonants. 

Those  of  the  first  class  are  the  simple  voice  issuing  through 
the  open  mouth,  and  influenced  only  by  the  degrees  in  which 
the  mouth  is  opened  and  elongated.  They  may  be  continued 
as  long  as  there  is  breath  to  issue  from  the  chest,  and  therefore 
are  named  vowels  or  calling  sounds.  The  roman  letters.  A, 
E,  I,  0,  U,  as  generally  pronounced  on  the  Continent  of  Eu- 
i*ope,  indicate  the  most  easily  distinguishable  vowels.  Sound 
passing  through  the  mouth  while  in  its  most  natural  state  of  re- 
laxation, is  heard  as  the  modification  expressed  there  by  the  ro- 
man E:  (or  the  a  of  the  English  word  care;)  if  the  mouth  be  then 
widened,  it  becomes  A  (of  the  English  word  bar;)  if  tbe  mouth 
be  narrowed,  we  hear  I  (or  ee  of  the  English  seem;)  if  the 
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mouth  be  elongated  and  at  the  same  time  widened,  we  Hear  O 
(of  the  English  word  bore;)  and  if  elongated  and  harrowed;* 
we  hear  U  (of  the  English  rude.)  The  possible  number  of 
vowels,  however,  is  as  great  as  the  possible  degrees  in  which 
the  dimensions  of  the  mouth  may  be  altered.  About  twenty 
of  tbem  are  sufficiently  distinguishable,  but  few  languages  com- 
prehend more  than  twelve.  Modern  art  has  produced  the  vow- 
el sounds  mechanically  by  means  of  tubes  of  certain  dimensions. 
•  The  alphabets  of  Europe  are  very  faulty  in  not  using  the 
same  characters  for  the  same  sounds,  and  in  not  having  a  cha- 
racter for  each  sound,'  according  to  the  true  intent  of  an  alpha- 
bet In  English  one  letter  is  used  for  several  sounds,  as  A  in 
water^  far,  fat,  fate,  which  are  four  sounds  perfectly  distinct 
In  repeating  the  English  alphabet,  the  A  is  pronounced  as  this 
broad  E  of  the  Italians  and  of  Europe,  and  the  E  as  the  I; 
the  English  vowel  I,  is  the  diphthong  AI  of  more  corfect 
a1phal)ets:  and  the  English  IT,  is  the  diphthong  lU.  In  con- 
sequence of  the  changes  which  have  taken  place  in  England  in 
the  meaning  of  the  roman  letters,  the  natives  experience  in- 
creased difficulty  in  learning  modern  continental  languages;  and 
their  pronunciation  of  the  ancient  languages  is  ridiculous,  and 
almost  unintelligible  to  all  but  themselves.  The  same  cause 
renders  the  pronunciation  of  English  difficult  to  foreigners,  and 
thus  restricts  much,  in  other  countries,  the  cultivation  of  Eng- 
ish  literature. 

To  explain  the  second  class  of  the  modifications  of  sound,  call- 
ed consonants,  we  may  remark,  that  while  any  continued  or 
vowel  sound  is  passing  through  the  mouth,  if  it  be  interrupted^ 
whether  by  a  complete  closure  of  the  mouth,  or  only  by  an  ap- 
proximation of  parts,  the  effect  on  the  ear  of  a  listener  is  so  ex- 
ceedingly different,  according  to  the  situation  in  the  mouth 
where  the  interruption  occurs,  and  to  the  manner  in  which  it 
occurs,  that  many  most  distinct  modifications  thence  arise.  Thus 
any  continued  sound  as  A,  if  arrested  by  a  closure  of  the  mouth 
at  the  external  confine  or  lips,  is  heard  to  terminate  with  the 
modification  expressed  by  the  letter  P,  that  is,  the  syllable  AP 
has  been  pronounced;  but  if  under  similar  circumstances,  the 
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closure  be  made  at  the  back  of  the  mouth  by  the  tongue  rising 
against  the  palate,  we  hear  the  modification  expressed  by  the 
ktter  K,  and  the  syllable  AK  has  been  pronounced;  and  if  the 
closure  be  made  in  the  middle  of  the  mouth  by  the  tip  of  the 
tongue  rising  against  the  roof,  the  sound  expressed  by  T  is  pro* 
duced,  and  the  syllable  AT  is  heard,  and  so  of  others.  It  is  to 
be  remarked,  also,  that  the  ear  is  equally  sensible  of  the  pecu- 
liarities whether  the  closure  precedes  the  continued  sound  or  foI« 
lows  it:  that  is  to  say,  whether  the  syllables  pronounced  are  AP, 
AT,  AK,  or  PA,  TA,  KA.— The  modifications  of  which  we 
are  now  speaking,  appear  then  not  to  be  really  sounds,  but  only 
manners  9f  beginning  and  ending  sounds;  and  it  is  because  they 
can  Urns  be  perceived  only  in  connexion  with  vocal  sounds  that 
they  are  called  consonants. 

Now  in  the  mouth  considered  as  a  vocal  tube,  there  arc  three 
situations,  in  which  interruption  of  voice  or  breath  may  most 
conveniently  be  made,  and  there  are  six  modes  of  making  it  at 
each;  so  tliat  eighteen  distinct  interruptive  modifications  or  con* 
sonants  hence  arise.     These  we  shall  now  describe. 

The  three  great  oral  positions,  as  they  may  be  called,  are, 

Ist.  At  the  external  confine  of  the  mouth,  or  lips,  giving  the 
labial  articulations. 

2d.  In  the  middle  of  the  mouth,  where  the  tip  of  the  tongue 
approaches  the  palate  behind  the  teeth,  producing  the  palatal 
articulations. 

3d.  Near  the  back  of  the  mouth ,  where  the  body  of  the  tongue 
approaches  the  palate,  giving  the  guttural  articulations. 

The  six  modes  in  which  the  voice  or  breath  may  be  afiected  in 
passing  through  each  of  the  three  positions  of  the  mouth,  are 
the  following: 

IsL  w?  sudden  stoppagey  producing  what  may  be  called  a 
mutt  articulation:  viz.  P,  in  the  labial  position;  T,  in  the  pala* 
tal;  and  E,  in  the  guttural*  (See  here  the  general  table  of  ar« 
ticulations  at  page  491,  which  table  may  be  considered  as  rep* 
resenting  the  tube  of  the  mouth,  with  the  letters  so  placed  in  it 

3Q 
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as  to  show  in  what  situations  they  are  severally  produced.)  A 
mute  may  also  be  made  by  stopping  the  breath  exactly  at  the 
teeth,  producing  thus  a  denial  mute;  but  it  is  hardly  distinguish- 
able from  the  palatal  mute  yi^t  behind  it,  and  being  less  per- 
fecty  is  not  used. — Some  awkward  speakers  substitute  it  ftn*  the 
proper  mute,  and  are  said  to  speak  thick. 

2d.  A  sudden  shutting,  as  in  the  last  case,  but  the  voice  being 
allowed  to  continue  until  the  part  of  the  mouth  behind  the 
closures  be  distended  with  air.  This  produces  the  semi-muteSf 
B,  D,  and  G,  (in  its  hard  sound  as  in  pigj)  for  the  three  pon* 
tions.  There  might  be  a  dental  half  fnute,  but  it  is  no  more 
used  than  the  dental  mute^  and  for  the  same  reason^.  If  the 
sides  of  the  tongue  be  depressed  after  it  has  taken  the  position 
required  for  D,  the  sound  L  is  produced. 

3d.  The  positions  closed  as  for  the  mutes,  while  sound  is  al« 
lowed  to  pass  by  the  nose. — ^Thus  arise  the  semi-vowels  or  na- 
salSf  M,  N,  NG,  for  the  three  positions. — ^N6,  (as  in  king) 
is  a  simple  sound,  although  our  imperfect  alphabet  has  no  single 
letter  for  it  The  nasal  sound  of  the  French  langqage,  which 
gives  it  so  great  a  peculiarity,  approximates  to  the  English  NG, 
but  differs  from  it  in  the  sound  passing  by  the  mouth,  as  well  as 
by  the  nose.     It  is  signified  by  on  in  the  table. . 

4th.  Breath  only  (or  whisper)  allowed  to  pass  at  the  three 
oral  positions  nearly  closed. — Hence  come  the  sounds  which  we 
call  aspirates^  viz.  F,  TH,  and  CH,  the  two  latter  are  simple 
sounds  although  expressed  in  English  by  two  letters.  The  TH 
is  heard  in  the  word  bath,  and  is  the  3-  of  the  Greeks.  The  CH 
is  heard  in  the  Scotch  word  loch;  in  the  German,  tcA,  and  is 
the  X  of  th©  Greeks.  The  so/t  palatal  aspirate  TH,  is  not  so 
easily  made  as  the  dental^  which  is  heard  on  pressing  the 
tongue  gently  against  the  teeth,  and  allowing  the  breath  to  pass 
all  around:  the  £fen/a/,  therefore,  is  used  in  preference  to  the 
palatal.  The  letter  S  is  the  hard  palatal  aspirate^  and  dif- 
fers from  the  so/t  aspirate  TH,  in  the  breath  being  oaade  to 
issue  with  greater  force,  and  only  by  a  narrow  space  OT«r  the 
centre  of  a  rigid  tongue,  instead  of  on  all  sides  of  a  soft  tongae, 
as  for  TH.    Frendi  peofde,  on  first  attempting  to  pronoonee 
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THy  sobstitute  for  it  the  S,  or  the  Z  (which  is  nearly  related  to 
S,  a5  explained  below.)  The  author  has  found  it  easy  to  enable 
them  to  pronounce  the  TH  at  once,  and  perfectly,  by  explain* 
ing  its  nature  as  above.  If  we  depress  the  sides  of  the  tongue 
while  pronouncing  S>  we  make  the  simple  sound  expressed  by 
the  English  double  letter  SH;  just  as  by  depressing  the  sides  of 
the  tongue  while  making  D  we  produce  L. 

5th.  Using  voice  in  the  same  manner  as  breath  or  whisper 
for  the  aspirates. — ^This  produces  the  sounds  called  vocal  aspi* 
rdtesy  viz.  V,  TH,  Z,  J,  and  GH.  TH  x)ocal  aspirate^  is 
beard  in  bathe,  as  contrasted  with  the  simple  aspirate  in  bath; 
Z  comes  from  the  S  position,  only  with  sound  instead  of  breath; 
SH  pronounced  with  vaicCf  becomes  the  J'  of  the  French  in  the 
word  jcj  or  the  sound  heard  in  the  middle  of  the  EngHsh  word 
vision.  GH  is  a  simple  sound  used  in  German,  but  not  in  En- 
glish. 

6th.  Shaking  the  approaehing  parts  in  the  three  positions.— 
We  thus  n^ake  vibratory  sounds,  of  which  the  middle  position 
gives  the  common  R,  the  only  one  of  them  used  in  England. 
Some  bad  speakers  of  English,  however  make  the  labial  vibrato- 
ry  by  shaking  the  P  in  such  words  23 property;  and  many  use.the 
guttural,  which  is  the  burr  of  Northumberland^  and  the  com- 
mon affectation  in  Parisian  speech,  termed  parler  gras,  or 
grasseyer. 

Table  of  Jlrticulations. 

Mute. 

Simi-mute. 

Sixni-Towel  or  n«ffal 

Aspirate. 

Vocal  Anpirate. 

Vibratory. 

Additional  Remarks. 

The  sound  of  H  does  not  belong  to  any  of  the  three  posi- 
tions; and,  indeed,  is  merely  a  forcible  passing  pf  the  breath 
through  the  back  part  of  the  mouth  or  throat. 

CH,  in  such  words  as  chain,  means  T  before  SH. 
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J,  as  heard  ia  the  Englisb  aame  John^  is  a  compound  aound, 
viz.  D  before  the  simple  J  of  the  tabled .  which  is  the  S  of  €»- 
aion. 

LL.  The  liquid  or  double  LL  of  the  French,  as  heard  in 
the  vfordpaillej  is  merely  L  with  the  letter  Y  begun  to  be  pro* 
nouQced  after  it.  It  ia  heard  in  the  English  words  billiard  and 
halyard^  and  would  be  their  terminating  liquid  were  the  sylla- 
ble ard  not  pronounced. 

ON.  The  soft  6N  of  the  Italians  and  French,  is  the  English 
N  with  Y  begun  to  be  pronounced  after  it  It  is  heard  in  our 
word  lanyards  and  in  the  Italian  words  joe^to  bagnio;  and  in 
the  French  word  craignenL 

Cf  in  Englishi  stands  always  either  for  S  or  K,  as  in  the 
words  certain  and  car,  and  has  no  sound  proper  to  itsel£ 

Q  expresses  a  compound  sound,  mz.  of.  the  letter  K,  with  lU 
following  it. 

The  consonants  are  best  heard  by  sounding  them  with  voice 
before  them,  that  is  to^say,  by  making  them  rather  terminate  a 
syllable  than  begin  it;  pronouncing  B,  D,  O,  thus  e&,  erf,  eg^ 
rather  than  their  common  alphabetical  names,  be,  dt,  ge. 

The  labial  sounds  may  be  made  either  by  the  two  lips,  or  by 
one  lip  and  the  opposite  teeth.  F  may  be  pronounced,  for  in- 
stance, by  the  lips  only,  or  by  the  lips  and  teeth;  and  some  per- 
sons awkwardly  make  it  by  the  under  teeth  and  upper  lip. 

The  letters  Y  and  I,  in  most  modern  languages,  stand  for  nearly 
the  same  sound.  In  English,  for  instance,  bullion  and  minr 
ion,  might  be  written  bulyon  and  minyon,  without  suggesting 
a  change  of  pronounciation.  In  the  words  yard,  you,  yes,  &c. 
the  Y  is  a  short  I,  very  closely  joined  to  the  following  syllable. 
W  is  also  thus  a  short  U,  as  perceived  in  the  words  war, 
we,  &c. 

The  author  believes  the  analysis  of  articulations  to  be  the 
best  basis  for  a  system  of  short-hand  written  characters.  He 
has  tried  such  a  system,  and  has  found  it  exceedingly  conve^ 
nient. 

Lining  is  chiefly  the  habitual  subetitution  of  the  aspirate 
TH  for  the  S  and  SH. 
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Whispering  in  articulation  without  Toice;  that  is  to  aay^ 
irtieulation  white  breath  only  is  passing. 

Stuttering^  utammeringy  or  hesitation  of  speech  are  terms 
huplying  an  intertupted  articulation,  accompanied  generally 
with  more  or  less  of  straining  and  distortion  of  feature.  It  is 
remarkable  with  respect  to  this  defect,  that  scientific  or  regular 
medicine  possesses  as  yet  no  cure  for  it,  although  the  frequent 
success  of  non-professional,  and  often  ignorant  individuals,  by  a 
mode  of  treatment  which  they  solemnly  bind  their  patients  not 
to  divulge,  proves  the  cure  to  be  both  possible  and  not  difficult. 
--*The  author's  attention  was  drawn  to  this  subject  some  years 
ago  by  an  interesting  case  then  submitted  to  him;  and  it  was  iii 
reflecting  upon  the  subject,  with  a  view  to  treat  that  case,  that 
he  framed  the  analysis  of  articulations  contained  in  the  preceding 
pages,  and  drew  up  the  few  observations  which  are  now  to  fol* 
low.  A  cure  was  obtained;  but  as  the  case  possessed  a  favoura* 
ble  peculiarity  in  the  powerful  mind  of  the  individual,  and  as 
the  author  has  not  had  leisure  or  opportunity  since  then  to  pur« 
sue  the  subject,  or  to  ascertain  in  what  respects  the  plan  then 
tried  may  agree  with  that  employed  by  others,  he  gives  his  re<^ 
marks  merely  as  continued  elucidation  of  the  subject  of  speech. 

Command  over  the  organs  of  speech  is  acquired  in  the  same 
way,  as  over  all  the  other  muscular  organs  of  the  body — as  those 
for  walking,  skaiting,  fencing,  performing  on  musical  instru^^ 
ments,  &c. ; — ^that  is  to  say,  at  first,  a  distinct  act  of  volition 
is  required  for  every  individual  movement;  but  the  law  of  asso- 
ciation  or  habit  rendering  the  actions  easier  with  each  successive 
repetition,  they  are  at  last  formed  into  connected  tribes  or  trains^ 
which  appear  as  obedient  to  a  single  wish  as  the  separate  ele<> 
ments  originally  were.  A  child  at  first  exerts  as  distinct  and 
powerful  a  volition  to  pronounce  the  syllable  /?a,  as  it  does 
after  some  practice  to  double  the  syllable  and  make  papa;  or 
after  still  more  practice,  to  pronounce  the  longest  and  hardest 
word  of  its  language: — nay,  at  last,  where  there  is  strong  and 
healthy  power  of  association,  complete  sentences,  and  eveii 
rounded  periods  of  eloquence,  are  poured  out  like  single  words, 
the  mind  of  the  speaker  seeming  at  liberty,  after  each  sentence 


494  PhVlDJTY  IN  RELATION  TO  AKIMALS. 

or  period  is  begun,  to  meditate  and  prepare  that  which  is  to  fol- 
low. The  faculties  of  locomotion  and  of  speech  being  acquired 
In  infancy  and  early  childhood,  persons  no  more  recollect  how 
they  gradually  came,  then  how  their  limbs  grew;  but  the  pro- 
gress described  above,  may  be  watched  by  any  indiyidoal  of . 
mature  years  in  his  own  person,  while  he  is  learning  to  play  on 
a  musical  instrument.  He  will  find,  that  at  first  every  finger 
which  is  moved  to  produce  a  note,  obeys  a  distinct  thought  and 
volition;  that  soon  short  trains  of  connected  notes  become  obedi- 
ent to  the  will  almost  like  a  single  note;  that  by  degrees,  longer 
and  longer  trains  or  passages  become  familiar,  until  at  last  the 
instrument  is  as  obedient  to  the  practised  player,  as  voice  to  the 
singer,  or  speech  to  the  orator; — and  any  sweet  modulation  may 
flow  on,  under  the  guidance  almost  solely  of  sensation  and  asso-^ 
ciation. 

•  There  is  great  original  diversity  among  individuals  as  to  their 
powers  of  association,  and  therefore,  also,  as  to  their  aptitude 
for  acquiring  the  various  muscular  faculties.  Thus  some  children 
walk  well  before  a  year,  others  require  a  much  longer  time,  and 
some  never  succeed  perfectly  until  they  have  had  lessons  of  tho 
dancing  master  or  drill  serjeant — So,  again,  many  people,  by  ear 
and  imitation  alone,  learn  easily  to  play  on  musical  instrumentsi 
but  others  must  begin  by  studying  the  written  notes,  and  the 
precise  ^n^ertn^  by  which  each  note  isprbduced  on  the  instru- 
ment; and  many,  unless  the  notes  be  constantly  before  them, 
cannot  play  at  all. — So  again,  all  persons  may  be  said  to  learn 
to  speak  at  first  by  ear  and  imitation;  but  many  grow  up  to  a 
certain  age  with  defects;  which  judicious  lessons  from  parents 
or  other  tutors  are  required  to  remove;  and  there  are  some,  as 
stutterers,  who  from  a  naturally  weak  or  irregular  association, 
retain  defects  which  no  ordinary  teaching  can  correct  It  ap- 
pears, then,  that  an  analysis  and  scale  of  articulate  sounds,  with 
minute  description  of  the  organic  actions  required  to  produce 
them,  like  the  scale  which  we  possess  for  music,  in  the  gamut 
and  rules  for  fingering,  should  give  nearly  the  same  assistance 
to  the  speaker,  which  the  gamut  gives  to  the  player.  Now  the 
table  and  analysis  contained  in  the  preceding  pages  ier  intended 
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to  supply  this  information.  It  is  constructed  from  minute  con- 
sideration of  the  organs  of  speech  while  in  action.  It  agrees  in 
many  respects  with  the  common  grammatical  divisions  of  ele* 
mentary  sounds,  but  in  others  it  pursues  the  analysis  in  a  dif- 
ferent way,  and  considerably  farther.  A  person  who  under- 
stands it  well,  will  have,  while  he  speaks,  an  intelligent  percep- 
tion of  what  he  is  doing,  in  addition  to  the  parrot-like  faculty 
of  habit  or  of  repeating  by  rote,  and  will  thus  command  any 
desired  sound  by  two  powers  instead  of  one.  And  as  a  musi- 
cian, when  his  musical  memory  fails  him,  finds  help  by  think- 
ing of  his  written  notes  and  their  relation  to  his  instrument, 
so  may  a  stutterer,  when  hesitating  at  any  sound,  receive  bene- 
fit by  thinking  of  the  letter  which  represents  it,  and  of  the 
position  of  the  organs  required  for  that  letter.  Then  by  frer 
quent  practice  in  making  the.  particular  combinations  of  sound 
which  are  difficult  to  him,  he  may  strengthen  the  useful  habit, 
and  ultimately  overcome  his  defect. — Stuttering,  in  some  cases^ 
is  relievable  at  once,  by  a  determination  to  avoid  the  usual 
hurried  repetition  of  the  same  syllable,  by  opening  the  mouth 
and  allowing  simple  sound  to  pass,  whenever  any  one  oral  posi- 
tion threatens  to  become  spasmodically  permanent  Should  it 
ever  arise  from  the  attempt  being  made  to  speak  while  drawing 
air  into  the  chest,  it  may  then  be  avoided  by  filling  the  chest 
well  before  beginning  to  speak. 

The  study  of  th\e  table  of  articulations  leads  to  the  immediate 
correction  of  many  minor  defects  in  utterance,  and  is  calculated 
to  facilitate  the  acquirement  of  foreign  languages.  A  lisping 
person,  for  instance,  is  cured  at  once,  by  being  told  that  the 
tongue  must  not  touch  the  teeth  in  pronouncing  the  letter  S; 
and  a  Frenchman  who  deems  it  impossible  for  him  to  pronounce 
the  English  sound  of  TH,  discovers  that  he  cannot  avoid  doing 
so  if  he  rests  his  tongue  softly  against  his  teeth,  when  opened  a 
little,  and  then  forces  breath  or  sound  to  pass  between  the  tongue 
and  teeth. 

Several  of  the  modern  languages  of  Europe  consist. of  nearly 
the  same  elementary  or  radical  words,  and  difier  among  them- 
selves chiefly  by  the  prevalence  in  each  of  certain  terminations. 


and  of  oii€  or  other  of  the  related  ud  eoovertiide  sotnda  ela 
fied  in  the  analysU  given  above.  A  atudent,  therefore,  who 
by  analytical  investigation,  or  ccMiaiderable  practice,  haa  become 
impreaaed  with  the  peculiar  geniua  of  a  iai^^uage,  may  ioveot, 
or  determine  by  analogy,  even  before  minute  atudy,  the.  m»> 
jority  of  dioae  words  belonging  to  each  which  have  sprung 
from  a  common  origin.  This  remark  is  so  true  With  respect  to 
the  languages  of  Italy,  Spain,  Portugal,  and  even  France,  that 
to  persons  familiar  with  them,  they  are  at  laat  listened  to  rather 
as  the  same  language  spoken  by  different  individuals,  than  as 
knguages  in  themselves  different 

Ventriloquism  is  the  name  commonly  given  to  the  art  bjr 
which  an  individual  can  assume  characters  of  voice  and  apeeoh 
which  are  not  natural  to  him,  and  thus,  ^lone,  can  imitate 
closely  a  conversation  held  between  two  or  more  persona. 
I  The  most  remarkable  diversity,  is  obtained  by  speaking  .du* 
ting  inspiration,  instead  of,  as  usual,  during  expiration.  The 
voice  so  produced  is  more  feeble  than  ordinary  voice,  and  when 
accompanied  by  other  circumstancea  favouring  the  illusion,  it 
may  suggest  very  completely  the  idea  of  a  hoy  calling  from 
the  bottom  of  a  pit,  or  from  the  interior  of  a  chimney,  tie* 
An  unsuspecting  peasant  is  easily  tricked  into  unloading  bis 
hay-wagon«  to  extricate  a  poor  child  whom  a  ventriloquial 
makes  him  believe  to  be  packed  under  the  heap,  and  ready,  to 
be  smothered  there. 

A  person,  by  a  litttle  practice,  may  acquire  the  powet  of 
producing,  without  the  slightest  apparent  motion  of  the  lips  or 
countenance,  all  the  articulations  except  the  labial,  and  of  tbena 
the  F,  V,  and  M,  may  be  tolerably  imitated  by  parta  behind; 
hence  by  avoiding  words  in  which  P  and  B  occur,  it  is  possi- 
ble to  speak  without  visible  movement  of  the  organs,  and  by 
assuming  the  attitude  of  a  listener,  to  make  the  deception  of 
ventriloquism  complete.  The  idea  which  some  authors  haVe 
had  {see  Oood*s  Study  of  Medicines,  ^c.,)  that  the  artieula* 
tions  of  the  ventriloquist  are  not  produced  by  the- tongue  and 
moQth,  as  in  common  speech,  is  -altogether  an  error.  Tbe^arV 
carried  to  a  certain  degree,  is  not  very  difficult,  ny  aa.penen* 
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tn«y  fiiseertain  who  tl468  tt  after  consich^ng  mtnately  the  natura 
of  common  speech. 

There  kre  also  striking  varieties  of  voice  producible  by 
speaking  with  a  more  acute  or  grave  pilch  than  usual,  and  with 
different  degrees  of  contraction  of  the  mouth;  but  these  may  bo 
taore  properly  dialled  imitations  than  ventriloquism. 

The  variety  of  effect  in  sound  which  the  human  organs  arft 
tapable  of  producing  is  truly  surprising.  There  are  adepts  in 
the  art  of  imitations,  who  not  only  mimic  the  speech  of  all  agedi 
«nd  QonditSons  of  the  humdn  race,  but  the  songs  of  birds,  the 
cries  of  animals,  and  even  the  sounds  produced  amdng  inanimate 
things.  Many  of  these  performances  become  in  the  highest 
degree  ludicrous,  and  furnish  favourite  amusements  in  our  theap* 
tres.  A  Mn  Henderson-,  of  London,  about  the  end  of  the 
"eighteenth  century,  used  to  kill  his  cal/j  tfs  h6  called  it,  to  etowd^ 
ed  houses  every  night  After  dropping  a  screen  between  him 
and  the  audience,  he  Caused  to  issue  from  behind  it  all  the  sound% 
even  to  the  minotest  particular,  which  may  be  heard  while  a  calf 
is  falling  a  victim  in  the  slaughter-house;— the  conversation  of 
the  butchers,  the  struggling  and  bellowing,  and  quick  breathing 
of  the  frightened  animal,  the  whetting  of  the  knife,  the  plunge^ 
the  gush,  the  agony; — >and,  disgusting  as  the  idea  is  in  itsd^ 
the  imitation  was  so  true  to  nature,  that  thousands  eagerly  went 
to  witness  the  art  of  the  mimic. 

The  following  cases  of  inanimate  sound  may  he  closely  imi^^ 
tated  by  the  mouth — ^the  workingof  a  grindstone,  including  the 
rush  of  the  water  into  which  it  dips,  the  rough  attrition  of  the 
steel  upon  it,  and  the  various  changes  occurring  with  change 
of  the  pressure; — the  working  of  a  saw  cutting  wood; — ^the  un*- 
corking  of  a  bottle,  and  the  guggling  noise  of  decanting  its  con^* 
tents(-»the  sound  of  air  rushing  into  a  room  by  a  crevice  or  fcey«* 
hole  in  a  winter  night, — ^and  many  others. 

It  has  already  been  explained,  that  voice  depends  on  the  vi«- 
liration  of  the  two  edges  or  lips  of  the  slit«Iike  opening  of  the 
glottis,  by  which  the  air  passes. to  and  from  the  chest.  The 
Ddtaber  of  vibrations  in  a  grven  time,  or  the  pitch  of  voiee^  de« 
JWAb^  ^  ooursB,  on  the  length  and  tenmon  of  these  edges^ 
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Tbe  length  is  varied  by  the  positions  of  the  arjrtenoid  cartilages; 
and  the  tension  by  the  action  of  small  muscles  which  act  on  these; 
and  the  cavity  of  the  mouth  is  enlarged  or  lessened  to  accord 
with  the  number  of  vibrations,  by  the  rising  or  falling  of  tbe 
tongue  and  larynx  which  form  its  bottom.  The  peculiarities  of 
individual  voices  must  depend  chiefly  on  the  si^  and  firmness 
of  the  cartilaginous  box  of  tbe  larynx,  the  strength  of  the  mos* 
des  of  the  chest  which  force  tbe  air  through  the  glottis,  and 
the  pliancy  of  the  moving  parts. 

Tbe  glottis  is  smaller  in  women  than  in  men,  and  hence  their 
pitch  of  voice  is  higher: — with  reference  to  music,  the  differ* 
ence  is  generally  of  an  octave  or  eight  notes. 

The  voice  of  a  boy,  in  regard  to  pitch,  is  generally  the  same 
as  that  of  a  woman;  but  at  the  age  of  puberty,  the  sounding  or^^ 
gans  in  the  male  enlarge  suddenly,  and  render  the  voice  strong* 
er  than  before,  and  by  nearly  an  octave  graver.  The  voice  of 
a  eunuch  is  tbe  voice  of  the  boy  continued,  because  the  change 
called  puberty  does  not  take  place  in  him. 

Complete  loss  of  voice,  for  longer  or  shorter  periods,  is  often 
experienced  by  persons  while  in  feeble  states  of  health.  The 
vibrating,  and  therefore  sounding  edges  of  the  glottis,  which 
are  usually  kept  tense  by  the  operation  of  certain  muscles,  on 
these  ceasing  to  act,  owing  to  the  state  of  their  nerves,  will  not 
vibrate  as  required,  and  the  voice  is  lost  Slight  colds  suffice 
in  many  people  to  produce  this  effect:  in  others  of  morbidly  sen- 
sitive or  delicate  nervous  temperament,  it  follows  fatigue,  or 
any  other  cause  of  debility. — Articulation  is  not  destroyed  by 
loss  of  voice;  and  whispering  answers  passably  the  end  of  vocal 
speech. 

No  intelligent  mind  can  meditate  on  human  speech,  and  its 
influence  in  the  world,  without  being  roused  to  vivid  admira- 
tion. But  for  speech,  the  most  gifted  individuals  who  hav^^"^ 
lived,  had  they  existed  at  all,  could  have  been  little  superior 
in  their  wordly  state  to  the  leading  oxen  of  our  heards,  or  ttf 
leading  monkeys  in  the  woods.  As  regarded  the  rest  of  man- 
kind, Homer  and  Newton  would  have  lived  in  vain.  At  the 
present  day,  among  the  natives  of  Australasia^  wha:e  langoage 
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may  be  Baid  scarcely  yet  to  exist,  human  nature  is  seen  thus 
brutbhly  debased;  while  on  the  other  hand,  in  the  history  of  ^ 
the  world,  we  may  trace,  as  a  consequence  of  m(»e  perfect 
speech,  all  the  progress  which  has  been  made  in  art  and  civi- 
lization. ^'By  language  (as  observed  in  our  preface,)  fathers 
have  communicated  their  gathered  experience  and  reflections  to 
their  children;  who  again  transmitted  them,  with  gradual  accu* 
muktion,  to  new  descendants;  and  when  in  the  course  of  ages  the 
precious  store  had  increased,  until  the  simple  powers  of  memo- 
ry could  retain  no  more,  the  art  of  writing  arose,  making  lan- 
guage visible  and  permanent  and  enlarging  without  limit  the 
recepticles  of  wisdom;  and  then  the  art  of  printing  came,  which 
new  rolls  the  sUU  swelling  flood  of  knowledge  into  every  ham- 
let and  hut  Language  thus,  at  the  present  moment  of  the 
world's  existence,  may  be  said  to  bind  the  whole  human  race 
of  uncounted  millions  into  one  gigantic  rational  being,  whose 
memory  reaches  to  the  beginnings  of  written  record^  and  retains 
imperishably  the  important  events  that  have  occurred;  whose 
judgment,  analysing  the  treasures  of  memory,  has  already  dis- 
eovered  many  of  the  sublime  and  unchanging  laws  of  nature, 
and  has  built  on  them  the  arts  of  life,  and  through  them  pierc- 
ing far  into  futurity,  sees  distinctly  many  events  that  are  to 
come;  and  whose  eyes,  and  ears,  and  observant  mind,  at  this 
moment  in  every  corner  of  the  earth,  are  watching  and  record- 
ing new  phenomena,  for  the  purpose  of  still  better  compre~ 
bending  the  magnificeqce,  and  simplicity,  and  beauty  of  crea- 
tion/' 

THE  DIGESTION. 

The  doctrines  of  fluidity,  illustrating  and  illustrated  by  certain 
phenomena  of  digestion. 

.  The  animal  body  may  be  seen  at  first,  in  the  maternal  ovary 
as  a  single  speck  of  mucus;  but  from  possessing  life — wonder- 
ful Ufe — the  little  nucleus  soon  gathers  to  itself  substance  from 
around,  and  increases  in  bulk.  In  the  beginning  it  remains  at- 
tached to  the  body  of  its  parent,  and  draws  the  material  of  its 
increase  from  its  parent's  blood;  but  after  a  certain  time  it  is 
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aloney  and  entirely  dependent  on  its  resources,  llieo  we  at^ 
brought  into  pIs}'  that  extraordinary  apparatus  now  about  to  be 
described  under  the  natnevofthe  digestive  or  assimiUtting  or^ 
gans;  which,  out  of  almost  any  kinds  of  dead  animal  or  vege* 
table  matter,  can  build  up  the  beautiful  living  body  to  perfect 
maturity  of  size,  and  form,  and.  faculty. 

It  is  not  only  while  their  bodies  are  growing  that  animals  re- 
quire to  take  in  and  assimilate  new  matter,  but  also. after  matu- 
rity, in  order  io  repair  the  waste  of  constant  action.  Fuel  and 
water  to  the  steam-engine  are  not  more  necessary  than  aliment 
to  the  living  body. 

Some  of  the  less  perfect  animals  take  in  sustem^nce  almost 
Kke  vegetables,,  by  absorbent  tube»  that  open  on  their  surface; 
but  by  far  the  greater  number  of  species  receive  it  first  into  an 
interior  cavity,  where  it  undergoes  certain  preparation,  and  is 
tiien  submitted  to  internal  absorbents,  which  drink  up  what  is 
required,  and  carry  it  into  the  circulating  blood.  This  internal 
oavity  is  called  a  stomach.  Its  form  and  appendages  differ  ex- 
ceedingly in  different  animals,  according  to  the  nature  of  the 
substances  which  serve  for  their  sustenance,  and  according  to 
various  other  circumstances. 

In  man,  the  process  of  digestion,  has  the  following  steps.  The> 
liM)d  is  first  received  by  th(9  mouth.  It  is  there  broken  or  torn 
into  small  portions  by  the  cutting  and  grinding  points,  called 
tttth^  with  which  the  jaws  are  armed;  at  the  same  time  a  fluid 
called  saliva  is  poured  out  from  glands  around,  and  reduces  it 
into  a  pulpy  mass:- this  i»  then  pushed  backwards  by  the  tongue 
ifito  the  opening  of  the  long  tube  called  the  gullet  or  sesopha- 
guSj  which  by  successive  contraction  of  circular  fibres,  propels 
it  down  to  the  pouch  of  the  ^/omacA,  placed  under  the  edge  of. 
the  left  ribs.  From  the  internal  surface  of  the  stomach  a  li- 
quor oozes  or  distils^  called  the  gastric  juice^  the  most  gene* 
ral  solvent  in  nature,  and  which  attacking  the  received  food, 
soon  reduces  it,  of  whatever  kind,  to  the  state  of  a  pultaceous 
TfitB»^  named  chyme:  \n  this  state  it  enters  the  intestinal  CRntl 
continued  from  the  stomach,  and  as  it  there  gradually  passes  on, 
it  roeeives  a  mixture  of  bile  and  pancreatic  juice  poured  out 
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fVom  the  Hrer  and  ptnereas.  After  this  mixtnrey  a  chemical  ie* 
comf)08ition  and  separation  of  parts  takes  place,  and  the  pure  nu- 
trindent  of  the  body  appears  as  a  milky  fluid  floating  amoog  re- 
Aise.  This  milky  fluids  called  chj/ky  is  taken  up  all  along  the- 
canal  by  the  numberless  absorbent  mouths  of  the  vessels  called 
laeteais^  and  is  then  carried  to  the  thoracic  ductf  and  by  it  into 
the  blood,  to  supply  the  waste.  The  intestinal  canal  is  about 
six  times  as  long  as  the  body,  affording  therefore  a  very  exten* 
sire  surface  from  which  absorption  may  take  place.  That  rem- 
nant of  the  chyme  which  the  absorbents  refuse^  continues  its 
journey  onwards,  and  is  discharged. 

Much  of  the  process  which  we  have  now  described  is  mecha- 
nicaif  as  will  appear  immediately;  other  parts  of  it  are  chemi- 
caly  such  as  the  solution  of  the  food  by  the  gastric  juice,  the  se- 
paration of  the  milky  chyle,  &Ci;  and  parts  are  vitalj  such  as 
the  afflux,  just  when  wanted,  of  saliva,  gastric  juice,  bile,  &c., 
and  the  muscular  and  absorbent  actions.  He  who  neglects  any 
one  of  these  three  classes  of  particulars,  must  have  a  very  in- 
complete acquaintance  with  the  function. — We  proceed  now  to** 
explain  the  mechanical  or  physical  circumstances  connected  with 
digestion. 

The  abdomen  may  be  considered  as  a  vessel  full  of  liquid,  in 
which  therefore  there  is  pressure  in  alt  directions,  increasing^ 
with  the  depth  (see  hydrostatics,)  and  increased  also  by  the 
action  of  the  surrounding  muscles  which  form  the  sides  of  the 
cavity.. 

The  justness  of  this  view  of  the  abdomen  becomes  evident, 
when  we  consider  that  only  moistened  or  semifluid  food  de- 
scends into  the  stomach,  that  drink  follows,  and  that  gastric  and 
other  juices  are  poured  out  to  mix  with  the  food  as  it  passes 
on  to  occupy  the  long  intestitial  canal;  and  then  that  the  intes- 
tines externally  are  perfectly  smooth,  and  moistened  by  the  con- 
stant secretion  of  a  lubricating  serum,  so  that  they  slide  among 
each  other,  without  sensible  impediment  from  friction.  The 
abdomen^  therefore*  is  in  fact  a  roundish  smooth  yessel  filled 
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with  a  thick  fluids  which  is  farther  contained  in  a  peifeetlj  pli-> 
ant  and  smooth-coated  tube. 

Thus  the  contents  of  the  stomach  and  bowels,  in  a  living 
man,  are  supported  like  water  in  surrounding  water,  and  there* 
fore,  if  the  whole  contents  be  of  equal  specific  gravity,  no  part 
can  descend  or  advance  by  its  weight  Neither  can  any  gene* 
ral  pressure,  or  contraction  of  the  surrounding  parietes,  hasten, 
except  at  the  moment  of  expulsion,  the  motion  of  any  contained 
matter — as  has,  however,  often  been  supposed;  nor  can  it  help 
to  empty  one  part  into  another — the  stomach,  for  instance,  or 
the  gall  bladder,  into  the  small  intestine. 

For  the  same  reason,  however,  the  very  slightest  contractile 
action  of  any  containing  part  is  sufficient  to  dislodge  its  con- 
tents— gravity  as  a  resistance  being  neutralized  by  the  sur- 
rounding fluid  And  when  the  gall-bladder,  or  stomach,  or  any 
part  of  the  intestinal  tube,  becomes  so  full,  as  to  put  the  elasti- 
city of  the  coats  ever  so  little  upon  the  stretch,  that  circum- 
stance alone,  unless  some  muscular  action  oppose,  will  cause  a 
discharge  of  the  contents. — The  natural  action  of  the  intestinal 
canal  is  a  successive  contraction  o^  its  circular  fibres  from  above 
downwards,  propelling  the  contents,  just  as  if  a  small  ring  or 
tube  were  put  round  the  canal  and  pushed  forwards. 

These  considerations  make  evident  the  common  error  of  sup* 
posing,  that  vomiting  can,  by  the  sudden  compression  of  the 
abdominal  viscera,  mechanically  emulge  or  clear  the  obstructed 
biliary  ducts.  If  general  pressure  of  the  abdomen  could  pro- 
duce this  and  similar  efiects,  a  descent  in  the  diving-bell  should 
be  a  powerful  remedy  in  human  maladies;  for  nearly  fifteen 
pounds  on  the  inch  is  added  to  the  ordinaiy  abdominal  pressure^ 
at  a  depth  of  thirty  feet  in  water. 

We  hence  see  also  the  kind  of  error  into  which  our  predeces- 
sors fell  so  generally,  when  they  attributed  much  of  the  diges- 
tive power  of  the  stomach  to  its  simple  pressure  upon  the  food. 
The  idea  probably  arose  from  the  contemplation  of  the  stomach 
or  gizzard  of  a  fowl,  which  is  a  powerful  gristly  substance,  an- 
swering the  purpose  almost  of  a  mouth  and  teeth,  as  well  as  of 
a  stomach. 
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It  is  an  error  also  to  suppose  that  quicksilver^  which  is  soaie- 
times  swallowed  to  remove  obstructioir,  runs  through  the 
bowels  simply  by  its  weight  On  first  entering  the  loose  small 
inteetine^  it  must  drag  the  part  containing  it  to  the  bottom  of 
the  abdomen,  and  there,  the  whole  intestine  must  pass,  nearly 
as  a  rope  passes  through  a  ring  fixed  to  the  floor.  When  the 
mercury  arrives  at  the  part  of  the  intestine  called  the  cmcunij 
where  the  farther  course  lies  upward  along  the  fixed  arch  of  the 
colon,  it  probably  can  be  dislodged  only  by  the  patient's  lying  - 
down.  Any  useful  operation  of  quicksilver,  in  such  cases,  may 
be  from  its  stimulating  the  bowels,  by  dragging  or  displacing 
them,  in  the  manner  above  described. 

When  the  abdominal  muscles,  which  are  the  containing  sides  of 
the  cavity,  become  tense^  whether  from  unusual  fulness  of  the 
cavity,  or  from  their  own  action,  as  in  any  of  the  straining 
exertions,  a  variety  of  important  mechanical  effects  ensue. 
Thus, 

•^  full  stomach  produces-— tension  and  projection  of  the 
belly — projection  of  the  diaphragm  into  the  chest,  causing 
hurried  breathing,  and  impeding  speech  and  singing — expulsion 
of  blood  from  the  abdominal  vessels,  and  therefore,  congestions 
elsewhere,  as  in  the  arteries  of  the  head,  sometimes  producing 
apoplexy. 

Abdomiruil  fulness  J  as  in  dropsy^  tympanitis,  corpulency^ 
pregnancy,  &c.  produces  most  of  the  effects  now  mentioned,  in 
an  aggravated  degree.  If  dropsy  be  allowed  to  proceed  too  far 
without  tapping,  the  patient  will  die  of  suffocation  from  the  rise 
of  the  diaphragm. — ^The  external  veins  of  the  legs  and  abdomen 
of  a  dropsical  person  are  generally  turgid,  because  the  blood  is 
pressed  into  them  out  of  the  abdominal  cavity,  and  because  the 
passage  of  blood  through  the  abdomen  is  impeded.  In  tym- 
panitis, or  windy  dropsy,  the  viscera  hang  down  in  the  ab- 
dominal cavity,  while  the  air  occupies  the  upper  part.  In  com- 
mon dropsy,  the  viscera  float  about  and  are  supported. 

Straining  or  strong  action  of  the  abdominal  muscles,  and 
therefore  pressure  on  the  abdominal  contents,  occur  with  almost 
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•^very  bodily  exertion ;  Yor  tbd  «9MloTntnBl  mnselea  are  tlie  co- 
ta^onists  of  the  great  muaclea  on^the  bickand  about  Hie  apioe, 
tend  must  always  come  iDtd  play  with  them,  to  give  firmneaa 
and  rigidity  to  the  trunk  of  the  body«     This  may  be  aeen  re- 
markably in  the  actions  of  lifting,  ronning,  wrertling,  &e^     As 
the  abdominal  mascles  teannot  act  ina  continued  way  and  strong- 
ly, unless  the  ribs,  from  which  they  arise,  become  nearly  fixed; 
during  exertion  the  ribs  are  supported  by  the  intercostal  mos- 
^eSj  and  by  the  air  in  the  chest,  confined  for  a  time  l>y  the 
clb^re  of  the  air-passages  in  the  throat:  hence  there  is^neniUy 
compression  in  the  chest  also  when  the  abdomen  is  compressed, 
and  the  blood  is  squeezed  towards  the  extremities  from  faott 
^cavities  at  once. — It  is  important  to  remark  also,  that  in  wlrtt 
are  called  the  strong  actions  of  the  chest,  as  coughing f  sneezings 
blotving,  &c.,  the  abdominal  muscles  are  the  great  agents.     By 
pulling  down  the  ribs  to  which  they  are  attached,  they  narrow 
Ihe  chest,  and  by  compressing  the  abdominal  contents,  and  tbas 
raising  up  the  diaphragm,  they  shorten  the  chest 
'    The  following  cases  exemplify  the  ^ects  of  straining. — The 
lifting  of  a  great  weight,  or  making  any  great  exertion,  drives 
the  blood  up  to  the  head;  as  is  marked  by  the  sudden  redness  of 
the  face. — Coughing  will  cause  closed  leech-bites  to  bleed  afresh, 
«nd  sometimes  will  overcome  the  action  of  the  sphincter  of  the 
bladder  or  rectum;  it  will  also  produce  vomiting. — Strainii^  to 
^mpty  the  bladder,  rectum;  or  womb,  or  the  effort  of  vomiting, 
'will  cause  the  rupture  of  a  blood-vessel  in  the  white  of  the  eye^ 
with  consequent  effusion  of  blood  there.     Apoplexy  often  hap- 
pens under  the  same  circumstances,  from  the  breaking  of  a 
Vessel  in  the  brain.     The  rupture  of  a  varicose  vein,  or  of 
aneurism,  generally  happens  during  exertion. — ^And  during  ex- 
ertion, the  protrusion  is  likely  to  occur  at  any  weak  part  of  the 
abdominal  cavity,  of  some  portion  of  its  contents,  prodoeiog 
what  is  called  hernia  or  rupture* 

Vomiting  Is  produced,  not  by  the  forcible  contraction  of  the 
stomach,  as  was  long  supposed,  but  chiefly  by  the  action  of  the 
abdominal  muscles. — This  is  proved  by  the  fact  that  the  stomach 
fias  been  removed  from  a  living  animal^  and  a  riieep'a  bladdtr 
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contadnmg  liqoid.has  been  sufaftitfited  for  it,  and  connected  with 
tbe  gullet  above  and  the  inteatihe  below;  on  then  injecting  aii 
emetic  drug  into  the  Tetna  of  the  animal,  vomiting  haa  taken 
place,  aa  if  the  stonSach  had  been  there  and  unhurt  *  From  thia 
^e  aee  why,  to  prevent  regurgitation  of  the  food,  during  exer- 
tion, tbe  upper  orifice  of  the  atomaoh  requirea  to  be  almost  as 
atrongly  closed,  as  the  sphincters  below* 

-  A  small  pump-^in  this  application  called  the  siomach^pump 
•^^has  lately  been  introduced  into  practice,  for  removing  poisons 
from  tbe  stomach  in  cases  where  the  action  of  vomiting  cannot 
be  excited.  It  has^lready  saved  many  lives.  It  resembles  the 
common  small  syringe,  except  that  there  are  two  apertures  near 
.the  end,  instead  of  one,  which,  owing  to  valves  in  them,  opening 
different  ways,  become  what  are  called  a  sucking  and  9i  forcing 
passage.  When  the  object  is  to  extract  from  the  stomach,  the 
pump  is  worked  while  its  sucking  orifice  is  in  connexion  with 
ati  elastic  tube  passed  into  tbe  stomach,  and  the  discharged  mat^ 
ter  escapes  by  the  forcing  orifice.  When  it  is  desir^,  on  the 
contrary,  to  throw  cleansing  water  or  other  liquid  into  the 
stomach,  thtf  connexion  of  the  apertures  and  the  tubes  is 
reversed. 

'  As  a  pump  may  not  be  always  procurable  when  the  ocearion 
for  it  arises,  the  profession  shbuld  be  aware,  that  a  simple  tube 
will,  in  many  cases,  answer  the  purpose  as  well,  if  not  better. 
If  the  tube  be  introduced,  and  the  body  of  the  patient  be  so 
placed  that  the  tube  forms  a  downward  channel  from  the 
stomach,  all  fluid  matter  will  escape  from  the  stormach  by  it,  as 
water  escapes  from  a  funnel  by  its  pipe;  and  if  the  outer  end  of 
the  tube  be  kept  immersed  in  liquid,  there  will  be  during  the 
discharge  a  syphon-action  of  considerable  force.  On  changing 
the  posture  of  the  body,  water  may  be  poured  in  through  the 
same  tube  io  wash  the  stomach.  Such  a  tube,  made  long 
enough,  mighty  if  desired,  be  rendered  a  complete  bent  syphon, 


*  It  must  not  be  supposed  however  that  the  stomach  is  always  inactiTe  in  (he 
elTort  of  vomiting;  vomiting  is  the  joint  effect  of  the  contraction  of  the  stomach, 
ftod  of  the' abdominal  mtnclei.  Au.  Ei). 

3S 
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tbe  neceflsary  preliminary  auction  baying  to  he  made  by  a 
syringe,  or  by  the  mouth  through  an  intervening  veaael. 

But  there  is  a  still  easier  mode  than  either  of  these  now  descri- 
bed, of  dislodging  poison  from  a  torpid  stomach,  viz.  merely  to 
place  the  patient  so  that  the  mouth  shall  be  considerably  lower 
than  the  stomach, — as  with  the  body  lying  across- a  chair  or  on 
a  sofa,  and  the  face  brought  near  the  floor, — and  then  if  neces- 
sary, iq  press  on  the  stomach  with  the  hand.  The  cardiae  ori- 
fice opens  readily  in  such  a  case,  and  the  stomach  is  emptied  like 
any  other  inverted  vessel.* 

Useful  as  the  pump  may  prove,  upon  occstfuons,  in  evacuating 
the  stomach,  its  more  ancient  office  of  injecting  the  enema  is 
still  the  most  important — and  recent  experience  seems  to  show 
that  such  injection  may  become  a  remedy  of  more  extensive 
util ity  than  had  yet  been  suspected.  From  an  erroneous  opinion, 
that  what  has  been  called  the  valve  of  the  ccBCum  acts  as  a  per- 
fect valve,  allowing  passage  downwards  only,  Tew  practitioners 
have  ventured  to  order  much  liquid  to  be  injected,  for  fear  of 
overstretching  or  bursting  the  lower  part  of  the  intestine;  and 
tbe  possibility  of  thus  relieving  disease  above  the  supposed  valve 
has  scarcely  been  contemplated.  It  is  now  ascertained,  how- 
ever, that  fluid  may  be  safely  injected,  even  until  it  reach  the 
stomach. — Perhaps  few,  if  any  cases  of  obstruction  of  bowels, 
could  resist  the  gentle  force  of  penetrating  water,  and  if  so,  a 
mechanical  remedy  of  certain  eflect  may,  in  many  cases,  be 
substituted  for  the  drastic  purgatives  and  pernicious  bleedings 
now  used,  and  often  used  in  vain. — From  what  has  been  said 


*  In  his  entbiisiann  for  ezplaining  all  Uungt  hy  pbjncAl  lawi,  the  authcv  fcigeU 
that  he  ia  treating  of  Utmg  organs.  Only  a  few  paragraphs  back,  be  informs  us 
that  the  upper  orifice  of  the  stomach  is  almost  as  strongly  closed,  as  the  sphmcten 
belowj  attd  yet  he  tells  us  that  by  inverting  a  man  and  pressing  oo  his  stomach,  the 
orifice  will  be  readily  opened  and  this  organ  emptied,  like  any  other  inrerted  Te»> 
seL  Tliis  will  not  be  found  so  easy  in  practice  as  b  represented.  It  is  possible 
however,  that  in  some  individuals,  the  giddiness  produced  by  the  dependent  poii« 
tion  of  the  head,  recommended,  aided  by  strong  pressure  on  the  stomach  miy 
cause  nausea,  and  even  excite  aehuU  wmiiHng;  but  this  will  not  be  the  mechani- 
cal emptyiog  the  stomach  alluded  to  by  our  author.  Av.  Kr. 
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above  of  tiie  abdemefi  and  the  intestioal  canal,  it  appears  that  an 
injection  tends  to  spread  itself  with  singular  uniformity  over  the 
whole.  This  tendency  may  be  rendered  obvious  to  sight,  by 
thromng  a  shea's  intestine  reeently  extracted,  into  a  bucket  of 
water,  and  then  pumping  water  in  at  one  end:^-a  stream  will 
issue  strongly  at  the  other  end,  although  several  feet  distant 
•ahnost  immediately,  and  without  any  intermediate  part  having 
become  sensibly  tense* — Of  course,  in  the  living  body,  in  cases 
of  spasm  or  ob9truction,  the  liquid  must  be  thrown  in  against 
resistance  very  gradually. 

That  case  is  called  introsusceptian  of  the  bowel,  in  which  an 
upper  portion  falls,  or  is  received  into  a  portion  below,  and  the 
receiving  part,  mistaking  the  received  for  descending  food,  holds 
it  fast.  This  occurrence  forms  a  complete  obstruction,  and  gen* 
erally  proves  fatal  Many  infants,  with  irritable  bowels,  die  of 
it. — ^Now  a  copious  enema,  such  as  we  have  described  above, 
.  is  almost  a  certain  cure.  The  liquid  advances  until  it  reaches 
.the  part  where  the  portion  of  gut  has  been  swallowed  by  gut  be- 
low; and  as  it  cannot  pass  without  pushing  the  introsuscepted 
portion  back  to  liberty,  it  effects  the  cure.* 

The  perpetual  syringe^  or  little  valved  pump,  lately  used 
in  applications  to  the  animal  body,  can  inject  or  withdraw  any 
quantity,  and  is  therefore  very  superior,  for  almost  every  pur- 
pose, to  the  old  large  syringes  which  had  no  valves,  and  which, 
without  being  removed,  could  inject  only  once  their  fill.  With 
well  adapted  additional  apparatus,  the  same  instrument  will  an- 
swer for  throwing  up  the  enema,  clearing  the  stomach,  trans- 
fusing blood,  exhausting  the  cupping-glass,  relieving  the  over- 
distended  breast,  the  lotio  vesicae  et  urethrse,  &c.     No  surgical 


*  This  caa  only  poBsibly  succeed  very  sooo  after  the  introsusception  has  taken 
place.  After  a  time  inflammation  occurs  and  adhesioa  takes  place  between  the 
introsuscepted  portion  and  the  portion  of  the  bowel  in  which  it  is  received. 

Am.  Ei>. 
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apparatus  is  now  eojnpkte  mtbout  w».  1W«I|» 
nexed  outline  repreaenta  auah  a  ayfioga.  Tbe  af^. 
erture  c  ia  rendered  a  $ucking  arificty  by  a  iralye  at 
it,  opening  inwarda;  and  a  ia  th^/orcing  orifiee,  ren- 
dered auph  by  a  valve  opening  ontwai^a:  b  ia  the  pi«*- 
ton,  with  ita  handle.  The  valvM  may  be  varioualy 
OHide,  or.  a  single  ckmbk-Vfoy  cock  may  be  uaad  ia* 
atead  of  both.  Convenient  dimenaiona  foe  tbe  mj^ 
ringe,  are  four  ieohea  for  the  length,  and  three- 
quarters  of  an  inch  for  tbe  diameter.     . 

In  a  case  of  diseased  rectum,  where  it  was  necessary  to  use 
an  enema  daily,  or  oflener,  the  enema /unnel,  suggested  by  the 
author,  and  represented  here,  was  found  more  manageable  by 
the  patient  than  any  other  instrument  If  the  tube  a  &  be 
about  two  feet  long,  the  liquid  column  contained  in  it  suffices  to 
overcome  the  ordinary  abdominal  resistance;  but- if  a  very  short 
tube  be  used,  there  must  be,  instead  of  an  open  funnel  a,  a'doae 
yessel,  as  represented  here  by  the  dotted  line  above  the  funnel, 
having  a  bladder  of  air  d  connected  with  it, 
and  a  bottle-neck  and  cork,  or  a  cock,  at  c,  for 
admitting  the  enema.  On  pouring  in  the  li- 
quid at  c,  the  air  in  the  vessel  c  a  is  forced 
into  the  bladder,  and  on  then  closing  the  open- 
ing at  c,  and  compressing  the  bladder,  it  is 
evident,  that  any  desired  degree  of  injecting 
pressure' may  be  exerted  on  the  enema.  This 
apparatus  is  both  cheaper  and  more  simple  than 
any  syringe,  and  is  equally  effectual,  and  the 
bladder  never  being  wetted,  lasts  long:  b  is 
n    a  cock  kept  shut  until  the  moment  of  injec* 


tion. 


By  viewing  the  abdomen  in  the  true  light  of  a  vessel  ^a^  bag 
filled  with  liqjiid  which  is  seeking  to  escape  in  all  direetiona^ 
we  have  the  explanation  of  several  cireumsUuieea  eonneeted 
with  hernia  or  rupture;  in  which  accident  the  coataining  aides 


of  the  abdoaieii  ia  some  part:  g^e  way,  aaid'  all^vr  a  pprtioo  of 
the-  viacera  ta  eaeape,  bo  aa  to  fonn  a  tinnour  under  the  skin* 
•  Hernia  may  be  produeed  by  eH  caaaea  wbleh  atrain  or  weaken 
tiie  mnaclei:  as  by  ieaping,  liftixig  great  weighta,  ooughing  and 
sneezing,  lying  with  the  beUy  across  a  bensb  or  yard — as  on 
ship-board,  oyer-distension  of  beHy  by  ei^ng  and  drinking, 
corpulency,  dr^My,  pregnancy;  debiUty  of  museie  from  dissi- 
pation, &c. 

The  reason  Add  a  roptore  inereaaes  ao  rapidly  after  it  has 
once  begun  is,  that  the  protruding  part  is  truly  a  fluid  wedg^y  of 
which,  therefore,  the  opening  force  increases  with  the  diame- 
ter. This  shows  the  singular  importance  of  arresting  the  acci- 
dent in  its  very  commencement.  The  trusses  used  to  repress 
rupture  were  described  at  page  233. 

In  attempting  to  retnrn  any  part  of  the  abdominal  contents 
which  may  have  escaped  as  a  rupture,  we  should  recollect,  that 
a  soft  uniform  pressure  of  squeezing  eserted  upon  the  tumoia: 
by  the  hands  of  the  operator,  if  greater  than  the  internal  pres- 
sure of  the  abdomen,  is  slowly  pushing  back  again  any  fluid 
matter  that  can  ooze  inward  from  the  tumour;  and  by  thus  gra* 
dually  lessening  its  size,  may  efiect  the  desired  object,  without 
the  adoption  of  the  last  resource  of  cutting  parts  to  widen  the 
inlet  When,  in  such  a  case;  an  operator  sees  clearly  with  the 
mind's  eye  what  is  passing  under  his  hands,  his  effnrts  may  of- 
ten be  successful,  where  a  less  intelligent  individvial  would  fail. 
No  man  practises  medicine  lon^  whatever  his  nominal  depart- 
ment, without  having  opportunities  of  saving  life,  or  of  pre- 
venting a  serious  operation,  by  judicious  management  of  recent 
hernia.  The  barbarous  old  fashion  of  lifting  the  patient  by  his 
heels  and  shaking  him,  that  the  weight  of  the  bowels  might 
drag  back  again  the  part  which  had  escaped,  was  founded  on  ig- 
noradce  of  the  fact,  that  the  weight  of  the  bowels  in  all  posi- 
tions of  the  body,  is  supported  almost  entirely,  not  by  their  at- 
tachments, but  by  the  surrounding  parts. 

The  function  sketched  in  the  preceding  paragraphs,  by  which 
tiie  animal  body  assumes  foreign  matters  from  around,  and  cmi- 
verts  them  into  its  own  substance,  is  little  inviting  in  some  of 
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its  details,  but  taken  altogether  is  one  of  the  most  wondafol 
subjects  which  can  engage  the  human  attention.  It  points  di- 
rectly to  the  curious  and  yet  unanswered  question— ^what  is 
LIFE  ?  The  student  of  nature  may  analyze  with  all  his  art  those 
minute  portions  of  matter  called  seeds  and  ova,  which  he  knows 
to  be  the  rudiments  of  future  creatures,  and  the  links  by  which 
endless  generations  of  living  creatures  hang  to  existence:  bat  he 
cannot  disentangle  and  display  apait  their  mysterious  ufs!  that 
something  under  the  influence  of  which  each  little  germ  in  due 
time  swells  out,  to  fill  an  invisible  mould  of  maturity  which  de~ 
termines  its  forms  and  proportions.  One  such  substance  thus 
becomes  a  beautious  rose-bush;  another  a  noble  oak;  a  third  an 
eagle,  a  fourth  an  elephant — yea,  in  the  same  way,  out  of  the 
rude  materials  of  broken  seeds  and  roots,  and  leaves  of  plants, 
and  bits  of  animal  flesh,  is  built  up  the  human  frame  itself 
whether  of  the  active  male,  combining  gracefulness  with 
strength,  or  of  the  gentler  woman,  with  beauty  around  her  as 
light.  How  passing  strange  that  such  riiould  be  the  ori^n  of 
the  bright  human  eye,  whose  glance  pierces  as  if  the  invisible 
soul  were  shot  with  it — of  the  lips  which  pour  forth  sweetest 
eloquence— of  the  larynx,  which  by  vibrating,  fills  the  sur- 
rounding air  with  music;  and  more  wonderful  thap  all,  of  thai 
mass  shut  up  within  the  bony  fortress  of  the  scull,  whose  deli^ 
cate  and  curious  texture  is  the  abode  of  the  soul,  with  its  reason 
which  contemplates,  and  its  sensibility  which  delights  in  these 
and  endless  other  miracles  of  creation. 
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TVie  Secretion  of  the  Kidney s,  fyc. 

Of  the  large  quantity  of  fluid  which  is  taken  into  the  human, 
body,  much  escapes  with  the  breath,  as  is  proved  by  the  visi- 
ble condensation  of  it  in  frosty  air,  and  on.  any  cold  polished 
surface;  part  escapes  by  the  skin  in  perspiration;  but  the  greatest 
p^irty  after  having  answered  the  purposes  of  the  constitution,  is 
separated  irom  the  blood  by  the  two  secreting  organs,  caHed 
the  kidneys,  and  is  thence  carried  off,  holding  in  solution  va- 
rious other  matters,  which  the  system  does  not  require.  •  The 
kidneys  are  situated  in  the  loins,  one  on  each  side  of  the  spine; 
the  constant  drain  of  liquid  from  them  passes  down  by  two 
membranous  canals  called  ureters  to  the  bladder,  from  which 
the  liquid  is  again  expelled  through  the  uretha,  at  considerable 
intervals,  according  to  the  rapidity  of  accumulation. 

The  Madder  is  a  curious  membranous  and  muscular  reservoir, 
of  which  the  fibres  can  contract  so  as  to  expel  the  l|ist  drop, 
and  yet  can  yield  so  as  to  admit  a  quart 

The  passage  of  fluid  downwards  through  the  ureters  from  the 
kidney  to  the  bladder  resembles  the  passage  of  blood  in  the 
veins*  Authors  have  erroneously  supposed  that  the  weight  of 
the  urine  suffices  to  cause  its  descent:  but  the  bladder  and  ure- 
ters are  enclosed  in  a  common  cavity  with  the  intesdnel  canal; 
and  while  this  is  full  of  a  semi-fluid  mass  of  greater  specific 
gravity  than  the  urine,  the  latter  is  not  only  supported  by  the 
surrounding  pressure,  as  water  would  be  supported  by  water, 
but  is  forced  upwards  or  resisted,  as  water  would  be  in  honey 
or  treacle:  in  descending  therefore  it  obeys  some  other  force 
than  gravity. 

The  ureterSy  bkuldeTf  and  urethra  are  the  seats  of  some  of 
the  most  distressing  diseases  to  which  the  human  frame  is  lia- 
ble. Two  classes  of  these  being  relievable  chiefly  by  mechani 
cal  means,  require  to  be  shortly  considered  here.  They  are, 
obsiructioiu  in  the  urethra;  and  concretions^  or  stones,  as 
they  are  called,  in  the  bladder. 
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Oisiructions  or  strictures  in  the  urethra  are  generally  con- 
sequences of  an  inflammation,  which  has  destroyed  the  dilata- 
bility  of  a  part  of  the  canal.  They  appear  as  if  a  thread  or  a  bit 
of  tape  were  tied  round  it,  so  as  to  narrow  its  caliber.  ^Cott* 
stant  irritation,  which  destroys  the  genera)  health,  fits  of  feVer, 
broken  rest,  and  even  death  from  total  soppressbn  of  urine, 
have  been  common  consequences  of  stricture. 

Until  within  a  recent  period,  the  treatment  of  such  obstruc* 
tions  was  pursued  very  generally  according  to  a  blind  routine. 
The  attempt  was  made  either  to  bore  them  open  by  wedges, 
called  bougies,  often  of  doubtful  and  tedious  operation,  or  to  de- 
stroy them  by  caustic  passed  down  to  them  in  the  end  of  a 
bougie,  which  caustic,  however^  often  hurt  the  part  of  the  canal 
anterior  to  them,  or  eat  out  false  passages  about  the  stricture, 
or  opened  blood-vessels  so  as  to  cause  dangerous  hemorrhage. 

Struck  by  the  defective  state  of  this  branch  of  the  healing 
art,  the  author  had  bestowed  considerable  attention  upon  it  du- 
ring the  years  which  he  spent  abroad,  and  during  which  he 
had  interesting  opportunities,  and  he  then  contrived  and  tried 
several  new  means  of  relief.  These  were  afterwards  brought 
more  extensively  into  use  and  improved,  and  others  wereadded, 
by  his  brother  Dr.  James  Arnott,  soperintendant  surgeon  in  the 
service  of  the  Hon.  East-India  Company,  who  gave  a  minute 
account  of  them  in  a  treatise  on  urethral  diseases,  and  a  supple 
ment,  published  in  the  year  1818  and  1820.  They  have  become 
perhaps  still  better  known  in  France  than  in  England,  through 
the  work  of  Dr.  Ducamp,  which  described  them,  and  which 
having  been  submitted  to  the  French  Institute,  and  moat 
favourably  reported  upon  by  the  appointed  authorities,  soon  be- 
came the  standard  treatise  in  the  country: — in  France,  also,  the 
philosophy  of  mechanics  has  been  studied  by  surgeons  more 
generally  than  in  England.  It  is  painful  to  be  obliged  to  add 
have,  that  Dr.  Ducamp,  as  regarded  these  instruments  and  the 
views  of  disease  and  treatment  which  had  suggested  them,  con- 
cealed the  fact  of  his  being  only  a  translator.  The  impositioii 
was  not  discov^^d  at  the -time  of  his  death,  which  happened 
two  years  afterwards,  hastened  by  the  ftitiguest>f  the  extensive 


practice,  whic^b  the  report  of  the  Academy  brouie^ht  upon  him^ 
The  author  has  had  so  mueh  pleasing  intercourse  with  enlightea- 
ed  and  hoDourable  Frenchmen^  that  it  pains  him  to  have  this 
fact  to  relate. 

*  The  objects  aiined  at.  by  the  new  tneans  were,  to  ascertain 
the  exact  conditioii  of  the  diseased  canal — ^to  facilitate  the  pass^ 
ing  of  instruments  in  cases  of  difficulty — and  to  effect  a  per- 
manent care.  The  following  se^en  of  these  means  may  here  be 
particularhsed. 

1st  v^n  examining  sounds  being  a  bougie  with  the  point 
fiarmed  of  a  softer  tena<iiou8  material^  in  which  fibres  of  eotton 
or  silk  are  mixed  ta  prevent  any  portion  from  being  broken  off 
or  detached  during  use.  This  sound  pressed  against  the  obstruc- 
tion, takes  a  correct  impression  of  its  anterior  face,  and  shows 
the  magnitude  and  exact  position  of  the  still  remaining  opening. 

2d^  «/2n  expanding  or  dilator  sound,  which  is  a  small  tube 
with  a  dilatable  button  at  its  extremity.  The  button  consists  of 
a  little  bag,  which  is  passed  through  the  stricture  empty,  and  is 
filled  with  fluid  after  it  has  passed.  It  readily  discovers  any 
other  strictures  beyond  the  first,  and  the  state  of  each. 

3d.  «?  conducting  canula  or  tube,  open  at  both  ends.  It  is 
passed  down  to  the  stricture,  for  the  purpose  of  supporting  and 
directing  small  bougies  seeking  entrance  through  very  narrow 
strictures,  or  of  guardingthe  caustic  bougie  in  its  approach  to  the 
place  of  its  action. 

*  4th.  Tn  cases  were  the  attempt  to  open  the  passage  has  failed 
by  all  common  means,  a  conducting  tube  is  first  introduced,  and 
through  it  six  or  more  small  bougies  are  passed  side  by  side,  so 
as  to  probe  the  whole  face  of  the  stricture  at  the  same  time.  ^  It 
is  thus  scarcely  possible  that  the  opening  should  not  be  found. 

.  5th.  Were  even  this  means  to  fail,  the  conducting  tube  may 
be  filled  with  water,  under  any  degree  of  pressure,  which  water 
will  eith^  open  the  passage  for  the  small  bougies,  or  will  it^^f 
act  as  the  sharpest  and  most  insinuating  of  all  instruments.  The 
stricture,  by  whichever  means  opened,,  will  then  allow  the  urine 
to  escape.  As  patients  might  fear  that  water  forced,  towards  a 
bladder  alKady  too  full  would  only  increase  the  evil,  J.  Arnott 
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waked  for  more  numerous  prpob  of  th^  utility  and  safety  of  the 
practice,  before  strongly  recommending  it:  Dr.  Amuasat  of 
Paris  has  lately  published  a  statement  of  numerous  cases  of  re- 
tention thus  relieved. 

6th.  ^  dilator  for  widening  the  stricture,  aft^  a  small  in- 
strument can  be  passed  through  it.  It  is  intended  as  a  substi- 
tute for  the  bougies  and  sounds  oi  former  times.  The  chief 
objections  to  these  last  are,  the  painful  friction,  the  danger  of 
making  false  passages,  the  tediousness  and  imperfection  of  the 
eure,  and  that  they  cannot  dilate  any  part  of  the  canal  beyond 
the  size  of  its  orifice,  through  which,  they  have  to  pass,  and 
which  during  health  is  the  narrowest  part  of  jit 

The  dilator  consists  of  a  tube  of  thin  membrane  introduced 
empty  into  the  stricture,  on  a  baH*pointed  wire,  and  then  filled 
with  fluid  by  a  syringe,  so  as  to  dilate  with  any  degrees  offeree, 
from  (he  mere  filling  of  the  part,  to  the  strain  of  the  hydrostatic 
press,  which  will  tear  the  strongest  texture  that  disease  can  form. 
The  dilating  tube  is  about  two  inches  long,  and  its  end  next  to 
the  operator  is  fixed  to  the  point  of  a  small  catheter,  through 
which  the  distending  fluid  is  injected.  The  tube  is  formed 
of  thin  silk  riband  of  various  sizes,  with  the  edges  joined*  It  is 
lined  with  prepared  gut  of  the  cat  or  dog,  which  is  almost  as 
thin  as  goldbeater's  skin,  although  very  strong  and  water-tight; 
and  it  is  covered  with  the  same  to  give  the  smoothest  and  soft- 
est possible  exiernal  surface.  When  complete  and  enclosing  its 
bhmt  wire,  it  is  still  much  less  bulky  then  the  bougie  which 
would  be  required  for  the  same  case.  TJius,  it  passes  easily; 
it  cannot  tear  the  canal  or  make  false  passages;  it  can  enter 
through  a  small  orifice,  and  then  dilate  to  any  desired  extent; 
and  its  greatest  advantage  is,  that  by  swelling  so  as  to  follow  the 
yielding  of  the  stricture,  it  can  eflect  at  one  application,  what 
only  a  sucession  of  bard  bougies  with  long  treatment  cqcdd  ac- 
complish. In  one  day  it  has  often  removed  disease,  which  had 
resisted  other^means  for  months  or  even  years. 

Some  practitioners  and  critics,  not  understanding  the  law  of 
fluid  pressure  (explained  at  p.  238,}  objected  at  first  to  Uie  di- 
lator, that  a  little  water  or  air  piressed  into  it  by  a  qrri&fe. 
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would  be  unable  to  overcome  much  resistance.  Had  they  seen 
the  instrument  lifting  so  readily  as  it  does,  a  heavy  weight  laid 
upon  it^  or  snapping  a  strong  ligature  tied  round  it^  they  would 
not  have  had  the  prejudice.^  It  was  objected  also  that  the  in- 
strument would  do  mischief,  by  dilating  the  urethra  before  and 
behind  the  stricture  more  then  the  stricture  itself;  now  its  di- 
mensions being  determined  and  fixed  by  those  of  its  silken 
tunic,  it  never  can  distend  beyond  the  diameter  chosen^  and 
therefore,  if  originally  of  the  proper  size,  it  can  only  press  on 
the  stricture  itself.  It  was  also  said,  that  this  instrument  re- 
quires, in  the  operator,  greater  manual  dexterity  and  acquain- 
tance with  mechanical  philosophy  than  many  surgeons  possess; 
but  this  is  merely  saying  that  the  arts  are  progressive,  and  that 
the  accomplished  surgeon  of  the  present  day  is  more  dexterous 
and  intelligent  than  his  predecessors  of  a  century  ago.  It  is  not 
accounted  a  reason  why  the  delicate  apparatus  of  the  oculist 
should  fall  into  disuse,  that  all  surgeons  are  not  able  to  apply  H. 

Some  attempts  had  been  made  before,  to  construct  a  dilator 
qf  fluid  pressure,  but  they  produced  nothing  of  value.  For 
urethral  purposes,  a  simple  gut  or  intestine  is  worse  than  useless, 
for  being  yielding  in  its  textqre,  the  surgeon  can  n^ver  know 
truly  the  size  of  his  instrument,  and  therefore  may  do  much 
mischief  with  it  Dr.  Ducamp,  in  speaking  of  the  dilator,  allows 
that  he  did  not  first  invent  it,  but  then,  from  ignorance  of  what 
eoBStitntes  its  true  value,  he  takes  praise  to  himself  for  simplify- 
ing and  improving  it,  by  throwing  away  the  silk,  and  using  the 
gut  only. — A  variety  of  metallic  dilators  have  been  contrived 
and  used  by  English  surgeons  since  the  publication  of  AmotVs 
Treatise  on  Strictures,  but  although  manageable  with  less 
trouble  than  the  fluid  dilator,' they  want  its  chief  merits. 

The  dilator  is  applicable  to  many  other  purposes  in  surgery 
besides  that  now  mentioned:  as  for  removing  strieture  of  the  gul- 
let, and  of  the  rectum,  for  checking  hemorrhage  in  deep  woiHids, 
for  dilating  wounds  as  a  tent,  &c.  And  the  operation  of  litho- 
tomy was  saved  to  'a  gentleman,  whom  Sir  Astley  Cooper  and 
the  author  were  attending  together,  by  the  dilator  opening  9^fis. 
tula  inperineOy  so  that  a  large  stone  was  extracted  i^ithoutcut- 
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ting.     The  dilator  has  also  served  in  removing  stones  from  the 
female  bladder. 

7th.  Another  improved  means  for  the  treatment  of  stricture, 
described  in  the  treatiscy  is  a  mtfde  of  applying  caustic  for  its 
entire  destruction,  but  so  as  not  to  touch  any  other  part  of  the 
canal.  Formerly  the  caustic  was  applied  io  the  face  of  the 
stricture,  and  therefore  had  almost  always  to  destroy  a  portion 
of  the  healthy  canal  before  it  could  reach  the  narrowest  fibres: 
the  extent  of  such  portion  depending  on  the  distance  from  these 
fibres  of  the  part  where  the  lining  of  the  canal  began  to  be  drawn 
inwards  by  them.  This  explains  why  not  unfrequently  a  hun- 
dred applications  of  caustic  were  made  in  a  single  case,  and  why 
during  such  treatment  false  passages  were  often  bored,  and  other 
mischiefs  produced.  Now  by  applying  the  caustic  within 
the  stricture  at  once,  a  single  application  generally  suffices.  To 
accomplish  this,  a  ring  of  caustic  is  placed  (as  described  in  ih^ 
Treatise^  and  in  the  casts)  on  a  bougie  of  peculiar  construction, 
about  an  inch  from  its  extremity;  and  the  bougie  being  then 
passed  down  to  the  stricture  through  a  tube  or  conductor,  the 
point  passes  beyond  the  stricture,  and  guides  the  caustic  to  the 
very  spot  where  it  is  desired  to  act.* 


*  Dr.  Ducamp  incurred  a  singular  risk  in  giving  hlmaelf  out  as  the  fint  piopO' 
aer  of  the  inatruments  and  practice  described  above;  for  he  was  .already  known 
as  a  translator  of  English  medical  books,  and  the  STVeottJC  on  SMOurtt  of  J.  Ar- 
nott  had  b«en  held  up  to  public  attention  two  years  before  by  the  varioua  medi- 
cal  reviews,  in  termo  such  as  the  following:  '*  We  have  carefully  pentsed  this 
little  volume,  and  are  of  opinion  that  it  is  by  far  the  best  systematic  work  on  the 
■ubject  in  the  luiglish  language.  It  is  a  judicious  compilation,  interwoven  with 
muchorignal  and  acute  observation;  and  it  gives  publici^  to  instruments  which 
promise  to  be  of  essential  benefit  to  operative  surgery." — MtdiexhChxrwrgieal  Rt- 
oteti>»  Janttary  1819. 

Perhaps  Dr.  Ducamp  imagined  that  the  slight  alterations  proposed  by  him  in 
the  construction  of  three  of  the  new  instruments  might  be  a  ahteld  to  him  when 
detected:  but  as  the  true  merit  was  in  th^  analyais  of  the  subject  which  suggested 
such  instrutnento,  and  not  in  the  mere  mechanical  fulfilment  of  intentiona,  evan  a 
considerable  improvement  on  the  instruments  would  have  entitled  him  tocompara* 
tively  tittle  credit.  Ducamp's  changes,  however,  were  either  trifling  or  retrograde. 
His  metallic  dilating  $ound,  is  less  perfect  than  metallic  ioonda  costrived  by  J. 
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Stone  in  the  bladder^  is  another  disease  relievable  chiefly  by 
mechanical  means. 
The  urine/as  secreted  in  the  kidneys,  contains  disolved  in 
it,  a  variety  of  substances,  which  under  certain  circumstances, 


A.,  but  not  described,  because  the  fluid  dilator  ww  found  to  be  preferable.  Hia 
porU-cauaiique  is  defectiye  in  not  distending  the  stricture  at  the  moment  of  apply- 
ing the  caustic;  and  his  mode  of  making  a  dilator  without  the  silken  tunic,  ren- 
ders it  not  onljr  a  useless,  but  a  dangerous  instrument;— indeed,  such  as  obliged 
him  to  use  the  caustic  in  almost  every  case. .  His  silence  with  respect  to  the  /i- 
quid  probe t  favours  the  conclusion  that  he  did  not  understand  it,  although  Dr. 
Amussat  of  Paris  has  since  used  it  ^  with  such  success: — and  the  same  remark  ap- 
plies to  the  double  catheter  (see  Arnott's  cases,)  or  sonde  a  double  eourrent^  as  it 
has  been  called  by  Dr.  ^ules  Cloquet,  of  Paris,  who  has  lately  been  applying  it 
with  much  zeal. 

The  following  are  extracts  from  the  report  made  by  the  commissioners  of  the 
French  Institute,  Doctors  Deschamps  and  Percy,  in  May  1822,  on  the  subject  of 
Docamp's  work,  entitled  Trixit^  des  retentions  d'urme, 

*'  This  treatise  concerning  a  most  important  malady,  because  one  of  the  most ' 
common  and  painful  which  affects  humanity,  has  appeared  to  us  to  merit  more 
than  ordinary  attention. 

**  When,  some  years  ago,  your  same  commissioners  had  to  express  their  opin- 
ion ot  another  work  on  this  subject,  they  commended  the  zeal  and  industry  of  its 
estimable  author  (Dr.  Petit,)  but  they  could  not  conceal  that  there  were  still  iin« 
perfections  in  his  modes  of  treatment:  and  also  that  they  were  almost  entirely 
either  borrowed  or  imitated  from  the  £nglish. 

<'  The  work  of  Dr.  Ducamp  now  leaves  us,  however,  nothing  more  to  desire 
and  we  have  no  longer  reason,  as  regards  this  subject,  to  envy  our  neighbours. 
Although  a  volume  of  moderate  size,  it  is  incomparably  more  Complete  and  full 
of  matter  than  the  bulky  treatises  lately  published  in  other  countries.  *  *  *  Du- 
camp leaves  all  these  authors  far  l>ehind  him,  whether  as  to  the  soundness  of  his 
doctrines,  the  superiority  of  his  trials,  or  the  invention  of  instruments. 

"  He  takes  a  print  or  model  of  the  stricture  by  an  instrument  of  his  invention^* 
called  Sonde  Exploratriee,    (Arnott*s  examining  sound,  page.  519.) 

'*  For  introducing  bougies  in  diilicult  cases,  he  uses  an  elastic  gum  tube,  which 
he  calls  conduct eur»    {Described  above,  page  613.) 

"  Mr.  D.  has  invented,  for  measuring  the  length  of  strictures,  &c.,  an -instru- 
ment, which  when  introduced,  enlarges  beyond  the  stricture.  {The  dilating 
sound,  page  516.) 

"  The  nitrate  of  silver,  or  common  caustic,  is  what  he  uses  for  destroying 
strictures,  but  he  employs  it  in  a  new  manner,  which  appears  to  us  to  give  it  new 
powers^  and  to  deprive  it  of  all  its  foimer  dangers.  *  *  He  carries  the  caustic  into 
the  stricture  by  means  of  his  parte  caustique.  {See  above, page  516,  JVo.  7,  of 
Mr,  Amott) 
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separate  and  assume  the  solid  form, — as  sugar  separates  in  smatt 
crjrstals  from  cooling  syrup,  or  salt  from  cooling  brine: — and 
it  is  thus  that  those  minute  grains  are  produced,  ^Thich  we 
call  urinary  gravel.  A  single  particle  of  gravel  remaining  by 
any  accident  in  the  bladder,  soon  attracts  to  itself  more  matter 
of  the  same  kind,  and  becomes  the  nucleus  or  centre  of  an  in- 
creasing mass,  which  is  the  stone  in  the  bladder. 
.  In  a  second  Tract  by  the  author's  brother,  published  in  1820,* 
the  following  paragraph  appears: 

^^  From  the  severe  suffering  of  the  patient  labouring  under 
stone  in  the  bladder,  and  the  remedy  being  an  operation  so  pahi» 
ful  and  dangerous,  that  many  wear  out  their  lives  in  certain  mi- 
sery, rather  than  submit  to  it;  it  has  arisen,  that  no  part  of  sur* 
gery  has  excited  more  attention,  either  in  the  medical  professiott 
or  out  of  itt  No  Very  important  change  in  the  treatment  of 
this  disease  has  now  been  made  for  upwards  of  a  century;  and, 
indeed,  it  has  appeared  to  be  the  opinion  of  modem  aurgeoas, 
that  the  manner  of  operating  practised  by  Ch^selden,  about -m 
century  ago,  and  which  has  been  called  the  ''glory  of  EngUA 
surgery,^'  was  so  nearly  perfect,  as  to  leave  little  room  for  im* 
provement.  The  hopes  which  the  rapid  progress  of  chemistry, 
and  the  grand  discoveries  relating  to  stone,  of  Scheele,  WoUas- 


« To  enlarge  the  canal  at  the  morbid  part  to  its  true  caliber,  he  oaes  an 

instrument  which  he  names  a  dUatateur.  {Dilator, page  614.)  He  does  not  con- 
ceal that  this  instrument  had  been  imag^ed  before  him,  bat  he  has  the  merit  of 
perfecting  it,  and  of  reducing  to  practice  what  before  had  only  existed  as  a  pro- 
ject. 

" In  rendering  justice  to  the  able  men  who  have  preceded  Ducamp, 

we  must  still  say  that  no  one  has  displayed  so  much  Industry,  dexterity,  and  ta- 
lent, and  we  think  that  he  has  high  claims  to  the  confidence  of  patients  and  the 
gratitude  of  the  profeision^  and  that  His  work  merits  the  eulogium  of  the  Acade- 
my, 

(Signed)    <*  Deschamps, — Percy,  Reporters. 
CuTiER, Sccrciaiy. " 

*  Cases  illustrative  of  the  Treatment  of  Urethral  Obstructions  and  of  Stone.  By 
James  Amott — Longman  and  Co.,  1820. 

j  The  Catalogue  of  authors  who  have  written  upon  stone,  occupies  in  Pk)C- 
quet's  LUeratura  MecUca,  no  less  than  twenty-nine  very  closely  printed  quarto 
papes. 
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ton,  Fourcroy,  and  others,  some  time  ago  gave  birth  to,  Ihat  we 
should  be  able  to  dissolve  stone  by  lithontFiptics,  and  thus  save 
the  horrors  of  lithotomy,  ht^d  again  died  away,  and  the  re* 
searches  of  many  ingenious  men  who  have  been^  and  still  are 
employed  about  the  question,  have,  for  their  end,  more  to  pre* 
vent  the  formation  of  stone  by  remedies  and  regimen,  than  to 
improve  the  manner  of  removing  it  when  once-  formed.  I  trust, 
however,  notwithstanding  the  supposed  exhausted  nature  of  the 
subject,  that  the  following  essay  will  prove  that  much  was  still 
possible  in  the  improvement  of  this  department  of  the  healing 
art.^'  > 

The  publication  from  which  the  above  paragraph  is  taken/ 
and  the  **  TVeaiise"  which  preceded  it,  in  both  of  which  new 
instruments  and  new  processes  were  described,  and  interesting 
facts  were  detailed,  powerfully  ronsed  the  public  attention  in 
England  to  the  possihiiity  of  improving  the  treatment  of  stones 
and  about  the  same  time,  a  similar  spirit  ft  woke  in  France.  The 
results  of  the  consequent  investigations  are  likely  to  be  of  kn* 
(ioftanee  to  humanity.  In  the  medical  publications  since  that 
time,  numerous  cases  are  recorded  of  lithotomy  superseded  by 
new  means.  We  shall  now  give  a  brief  account  of  the  princi- 
pal means,  only  intended,  however,  to  interest  the  reader  in  a 
manner  that  mhy  lead  him  to  the  perusal  of  the  original  works, 
where  more  minute  information  is  to  be  found. 

The  dilator^  as  applied  to  the  treatment  of  stone,  has  already 
been  spoken  of  in  the  preceding  pages. 

The  double  catketew.  This  instrument,  and  the  purposes  to 
which  it  is  applicable,  are  described  in  AmotVs  Cases.  It  has 
two  channels,  by  one  of  which  a  fluid  may  pass  into  the  blad- 
der, while  by  the  other  there  is  a  returning  current  mixed  with 
urine.  It  is  equipped  with  two  pliant  tubes,  of  which  one  leads 
from  the  supplj/ing  reservoir^  and  the  other  to  the  waste  ves* 
seL  It  will  sooth  irritation  of  the  bladder,  whether  arising 
firom  stone  or  not,  by  keeping  the  acrid  urine  in  a  diluted  state, 
or  by  applying  bland  and  medicated  liquids  directly  to  the  in-' 
ternal  surface  of  the  bladder.  Not  being  larger  than  a  common 
catheter,  it  may  be  worn  for  any  period  as  the  common  ca- 
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iheter  now  is.     It  need  .prevent  no  sedentary  occupation,  and 
may  be  used  during  sleep.     It  will  act  powerfully  to  dilate  a 
contracted  bladder,  on  placing  the  reservoirs, high,  and  so  let- 
ting the  fluid  distend  with  the  pressure  of  a  lofty  column.  It  abo 
affords  by  far  the  best  means  of  admitting  any  solvent  of  stone 
to  the  bladder.     Even  pure  water  is  a  solvent  of  most  animal 
eajculi,  as  is  proved  by  placing  them  in  a  maning  stream;  but 
the  living  bladder  bears  with  impunity  a  diluted  acid  or  alkali. 
.    7%e  syphon  catheter  (also  first  described  in  •drnotfs  Cases) 
is  merely  a  catheter  of  a  length  that  will  allow  its  external  part 
ts- descend,  so  as  ^o  constitute  the  long  leg  of  a  syphon.    (See 
'Pneumatics.)    Its  out^r  extremity  is  turned  up  a  little,  or  has 
a  portion  of  soft  animal  gut  tied  upon  it  to  act  as  a  valve,  for 
preventing  the  entrance  of  air.     The  most  useful  application  of  ' 
this  instrument  is  to  keep  the  bladder  empty  after  operationf, 
until  the  healing  process  has  made  a  certain  advance. .   The  dif- 
fusion of  urine  among  tiie  surrounding  parts  after  lithotomy,  is 
often  a  cause  of  death;  and  the -syphon  catheter,  by  providing  a 
channel  by  which  the  urine  must  immediately  pass  away  as  aer 
creted,  obviates  the  danger.     This  instrument  is  sometimes 
useful  in  very  inritable  bladders,  by  preventing  the  repeated  dis* 
tensions  of  the  bladder,  with  the  consequent  excruciating  con- 
tractions. 

A  forceps^  calculated  to  pass  through  a  tube  into  the  blad- 
der, and  to  open  there,  for  the  purpose  of  seizing  any  small 
stone  or  other  solid  object  offered  to  it,  was  described  long  ago 
in  the  ^rmamentum  Chirurgicum  of  Scultetus,  but  was  again 
forgotten  until  John  Hunter's  investigations  led  him  to  a  second 
invention  of  it  Such  an  instrument  has  now  for  a  considerable 
time*  passed  under  the  appellation  of  Hunter's  urethra  or  blad^ 
der  forceps.  It  answers  well  for  extracting  small  stones,  and 
Uierefore  if  used  in  time,  might  often  preveat  the  necessity  of 
lithotomy. 

'.  But  a  new  and  intense  interest  has  lately  been  excited  with 
respect  to  the  forceps,  as  a  means  of  removing  stone,  by  the  dis- 
covery— also  an  old  discovery  revived — that  a  straight  tube 
may  be  passed  to  the  bladder,  as  a  cotubietor,  instead  of  the 
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bent  iuhw  or  eatbeiers  commonly  used.  A  door  is  thus,  as  it 
were  opeoed  directly  idto  the  bladder,  through  which  a  stone 
may  even  be  seenf,  if  desired,  and  may  be  easily  caught  and 
broken  to  pieces,  and  brought  away  without  the  slightest  injury 
to  the  living  parts.  Dr.  Civiale,  of  Paris,  has  the  merit  of  first 
eoDtriving  good  instruments  for  this  operation,  and  of  having 
himself  operated  already  with  complete  success  in  many  cases. 
He  introduces  a  strong  forceps,  which  seizes  and  holds  fast  the 
stone;  and  then  with  a  drill  which  passes  through  the  handle  of 
the  forceps,  and  is  turned  rapidly  by  a  drill-bow  acting  oa  its 
external  end,  he  bores  and  breaks  down  the  stone,  of  whatever 
size,  until  no  piece  remains  so  bulky  as  not  readily  to  escape 
through  the  open  tube. 

Dr.  Darwin,  in  his  Zoonomta,  published  in  1790,  proposed 
tb  seisie  stones  by  forceps  passed  into  the  bladder,  and  then  to 
break  them  down  or  destroy  them  mechanically;  but  the  sup- 
posed necessity  of  working  through  a  long  bent  tube  prevented 
trials  from  being  made.  The  author  also  showed  some  years 
ago  (see  CaseSf  page  113,)  that  it  was  possible  to  pass  a  bag 
into  the  living  bladder,  and  to  enclose  a  stone  there,  so  that  any 
solvent  might  then  be  injected  into  the  bag,  and  again  withdrawn 
without  coming  into  contact  with  the  bladder.  This  was  shown 
rather  to  excite  attention  to  the  possibility  of  operating  within 
the  living  bladder  with  great  precision,  than  to  recommend 
^ch  a  means  of  destroying  stone. 

Several  very  ingenious  instruments  for  breaking  down  the 
stone,  have  been  contrived  by  other  persons  since  those  of  Dr. 
Civiale,  but  there  is  still  the  objection  to  all,  that  the  stone  is 
brol^en  into  such  fragments,  that  many  of  these  require  again  to 
be  treated  as  distinct  stones,  and  thus  the  paiuful  operation  has 
to  be  repeated  many  times. — ^The  author  deems  it  possible  to 
make  a  forceps  of  many  daws  or  ribs  which  should  surround 
the  stone  so  loosely  as  to  leave  it  freedom  <ff  motion,  like  a  loose 
kernel  in  a  shell,  so  that  on  making  the  forceps  itself  whirl 
backwards  and  forwards,  like  the  drill  in  Civiale's  apparatus, 
the  stone  might  be  quickly  rubbed  to  dust  by  the  friction  or 
file*actioQ  of  the  roughened  interior  of  the  claws.     The  bladder 

3U 
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might  be  filled  during  the  operation^  with  water,  or  even  air, 
to  secure  plenty  of  room  for  the  turning  instrument :»K>r  a  slen* 
der  external  forceps  might  be  used  as  a  guard,  to  prevent  con- 
tact of  the  bladder  with  the  moving  instrument  Out  of  the 
body,  a  stone  harder  than  urinary  calculus,  placed  in  such  a 
cage  with  rough  interior,  and  made  to  whirl  as  described,  is  soon 
reduced  to  dust:.  There  are  various  ways  of  making  a  forceps 
or  cage  for  this  operation,  which  will  readily  suggest  themselves 
to  persons  knowing  what  has  already  been  achieved  in  this  de- 
partment of  practice,  and  having  the  ingenuity  likely  to  engage 
them  in  such  a  pursuit 

The  high  operation  of  lithotomy  possesses  over  the  common 
lateral  operation  such  advantages  as  the  following: — ^thinness 
of  the  parts  cut  through— distance  of  the  knife  from  important 
arteries — stones  of  very  large  size  may  be  more  easily  extracted 
— ^the  prostate  gland  is  not  wounded.  But  the  high  operation 
has  not  become  general,  because  there  was  difficulty  in  avoiding 
the  peritoneum  while  making  the  opening  into  the  bladder — 
there  was  danger  of  effumon  of  urine  among  the  cut  parts,  after 
the  operation — and  where  the  bladder  was  contracted,  the  incision 
had  to  be  very  deep.  Now  these  objections  are  obviated  by, 
1st  the  double  catheter,  which  will  dilate  the  contracted  blad- 
der; 2d,  by  the  syphon  catheter,  which  will  prevent  the  effusion 
of  urine;  and  3d.  by  the  jointed  sliding  sound  (see  Cases,  page 
121,)  which  will  ensure  the  accurate  cutting  in  the  desired 
place.  Had  we  possessed,  then,  no  less  hazardous  means  than 
cutting,  the  high  operation  with  the  new  securities  might  have 
been  the  best 

When  a  catheter  has  to  be  retained  in  the  bladder  after  any 
operation,  and  in  cases  where,  if  it  slipped  out,  it  mi^t  with 
difficulty  be  replaced,  something  should  be  passed  through  it 
like  a  small  spring  forceps,  to  expand  and  become  an  internal 
button  preventing  its  escape  (aee  Cases^  page  121.) 

UTSRINS  FHENOMSNA. 

Although  so  many  of  the  uterine  phenomena  are  mechanical, 
there  are  few  of  them  which  could  be  treated  of  with  advantage. 
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except  in  connexion  with  particulars,  of  which  the  consideration 
does  not  belong  to  a  work  like  this.  We  shall  however  cite  the 
following  particulars  as  examples. 

The  protection  given  to  the  tender  foetus  by  the  liquor  amnii 
in  which  it  floats,  is  such  that  a  blow  on  any  part  of  the  parent 
is  expended  on  the  surrounding  water,  and  cannot  reach  the 
fc&tus. 

The  head  of  the  child,  because  ossification  begins  in  it  first, 
becomes  of  greater  specific  gravity  than  the  other  parts  of  the 
body,  and  therefore  generally  lies  at  the  bottom  of  its  liquid  bed. 
It  is  thus  ready  to  appear  first  in  parturition,  according  to  the 
safest  course  of  delivery. 

■  The  membranes  distended  by  the  liquor  amnii  descend  be- 
fore the  head,  as  a  soft  but  powerful  wedge  preparing  the  way. 

We  have  spoken  at  page  302,  under  the  name  of  pneumatic 
tractoTj  of  a  circular  piece  of  leather,  or  similar  soft  substance, 
kept  extended  by  included  solid  rings  or  radii,  as  being  adapted 
to  some  purposes  of  durgery.  Now  it  seems  peculiarly  adapted 
to  a  purpose  of  obstetric  surgery,  viz.  as  a  substitute  for  the 
steel  forceps,  in  the  hands  of  men  who  are  d^cient  in  manual 
dexteriety,  whether  from  inexperience  or  natural  inaptitude. 
The  forceps,  to  be  well  and  safely  used,  requires  address,  which 
even  the  naturally  dexterous  man  cannot  possess  without  a  cer- 
tain degree  of  continued  practical  familiarity  with  it;  and  ex- 
cept in  large  towns,  a  man  must  be  unfortunate  in  his  practice 
who  often  requires  it:  hence  the  really  small  number  of  persons 
who  use  it  well.  The  consideration  of  the  tractor  as  a  substitute 
for  it  belongs  properly  to  the  present  section:  but  as  the  true 
mode  of  action  of  the  tractor  is  not  very  readily  conceived  by 
persons  who  eitiier  have  never  been  instructed  in  the  general 
laws  of  physics,  or  who  have  ceased  to  be  familiar  with  them, 
such  persons  are  advised  to  read  this  paragraph  in  continuation 
of  that  at  page  302,  and  to  weigh  well  the  following  remarks. 
A  tractor  of  three  inches  in  diameter,  would  act  upon  any  body 
to  lift  or  draw  it,  with  a  force  of  about  a  hundred  pounds — 
with  more,  therefore,  than  is  ever  required  or  allowable  in  ob- 
stetric practice.     In  lifting  a  stone,  the  tractor  does  not  net  a& 
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if  it  were  glued  or  nailed  to  the  stone,  but  merely  bears  or  iAb» 
off  the  atmospheric  pressure  from  one  part,  and  allows  the 
pressure  on  the  opposite  side,  not  then  counterbalaneed,  to  push 
the  stone  in  the  direction  of  the  tractor; — so  when  placed  upon 
the  child's  head,  it  would  not  pull  by  the  skin,  in  the  manner  of 
a  very  strong  adhesive  plaster  applied  there,  as  uninformed 
persons  would  be  apt  to  suppose,  but  by  taking  off  a  certain  at- 
mospheric pressure  from  the  part  of  the  head  on  which  it  rested, 
it  would  allow  the  pressure  on  the  other  side  or  behind  to  urge 
the  head  forward  on  its  way.  Of  course  the  pressure  in  such 
a  case  would  not  operate  on  the  head  directly,  but  through  the 
intervening  parietes  and  contents  of  the  abdomen.  It  would 
be  preferable  to  have  a  gentle  and  diffused  action  of  the  tractor 
over  a  large  space,  rather  than  an  intense  action  on  a  small  space, 
and  therefore  a  tractor  for  the  purpose  now  contemplated  should 
not  be  very  small,  and  should  have  a  little  air  underneath  it  in  a 
slight  depression  or  cavity  at  its  centre. ^The  forceps  must  be 
more  effective  than  the  tractor  tor  rectifying  malposition  of  the 
head,  and  diminishing  its  transverse  diameter,  but  the  tractor 
will  answer  both  these  purposes  in  a  greater  degree  than  might 
at  first  be  expected.*     The  author  proposes  to  publish  on  this 


*  It  is  with  difficulty  that  we  can  persuade  ourselves,  that  the  author  is  seri- 
ous in  recommending  the  pneumatic  tractor,  as  a  substitute  for  the  forceps;  it  can 
only  be  accounted  for  by  the  supposition  that  he  is  not  a  practical  accoucheur. 
Tliat  address  and  knowledge  are  requisite,  to  apply  the  forceps  properly,  is  no  ob- 
jection to  their  use,  it  only  shows  the  necessity  of  the  operator's  acquiring  tills 
dexterity  and  knowledge  before  attempting  to  apply  the  instruments;  and  these  ac- 
quiremeots  are  not  so  difficult  as  our  author  seems  to  think,  nor  do  we  befieTC 
that  the  number  who  possess  them  are  so  very  small.  It  is  not  contended  even  by 
the  author  that  the  tractor  is  superior  to  the  forceps,  he  only  recommends  it  as 
being  less  dangerous  in  the  hands  of  the  unskilful.  Now  it  might  be  supposed 
from  this  that  the  tractor  is  readily  applied  and  cannot  effect  injury,  both  of  which 
are  erroneous.  Every  insv ument  is  dangerous  in  the  hands  of  ignorance.  If  a  per- 
son deficient  in  dexterity  could  succeed  in  applying  the  tnctor,  (of  which  we  hav^ 
strong  doubts,  believing  it  would  require,  in  moat  instances,  even  Dr.  Arnoti*s  skill 
and  luowledge)  it  is  quite  as  probable  that  he  would  produce  injury  as  benefit.  In 
certain  states  of  labour  the  tractor  may  be  applied  to  the  neck  of  the  uterus  in- 
stead of  the  head  of  the  child,  or  to  both,  drawing  out  the  uterw  tboe  4s  well  a» 


PELVIC  AFPABATtrs.  5^5 

matter,  and  on  some  other  rtrictly  professional  subjects  which 
ire  h'ghtly  touched  upon  in  the  present  general  work,  such  ft 
practical  detail,  as  for  the  dilator,  syphon  catheter,  &c.  is  found 
in  his  brother's  Treatise  and  Cases. 

Conclusion, 

It  is  almost  superfluous  to  remark  here,  that  for  the  practice 
of  general  and  obstetric  surgery,  learning  and  judgment  are 
of  little  avail  unless  accompanied  by  manual  dexterity;  and  it  is 
one  of  the  improvements  yet  to  be  made  in  our  systems,  of  ed- 
ucation for  various  professions,  to  cultivate  more  methodically 
the  use  of  the  hands.  Children  and  young  people,  in  obtaining 
practical  familiarity  with  ingenious  toys,  tools  of  carpentry, 
games  of  address,  musical  instruments,  &c.,  are  often  fitting 
themselves  for  the  important  business  of  their  future  life. 

While  the  author  directs  the  attention  of  the  profession  to  the 
important  physical  considerations  set  forth  in  the  preceding 
pages,  he  deems,  it  necessary  most  pointedly  to  remark,  that  in 
the  living  body  mechanical  principles  are  generally  associated  in 
their  operation  with  the  more  recondite  principles  of  chemistry 
and  of  life;  and  that  the  man  who  allows  his  mind  to  dwell  too 
exclusively  on  any  one  of  the  three  classes,  must  be  a  very  bad 
reasoner  in  questions  either  of  health  or  disease.  It  is  within 
a  very  recent  period,  however,  that  just  views  on  this  subject 
have  begun  to  prevail,   and  that  the  titles  of  the  peculiarly 


the  child;  it  may  be  applied  before  the  uterus  is  sufficiently  dilated,  or  the  force 
may  be  applied  in  the  wrong  direction,  &c.  These  accidents  cannot  happen  to 
the  well  instructed,  but  in  the  hands  of  those  the  forceps  are  more  effectual  and 
equally  safe.  Tlie  tractor  then  requiring  skill  for  its  proper  application  and  being 
a  less  efficient  instrument,  than  the  forceps,  ought  not,  independent  of  many  other 
reasons,  to  be  recommended.  It  is  not  to  those  who  devise  imperfect  substitutes 
for  Taluable  instruments,  or  temporary  palliatives  for  important  operations,  in  order 
that  the  awkward  and  ignorant  may  imperfectly  perform  what  the  skilful  and  in- 
strueted  only  should  attempt,  or  are  capable  of  accomplishing,  that  praise  is  to 
be  awarded.  It  is  the  just  meed  of  those  who  furnbh  proper  instructions  for  the 
use  of  instruments  and  for  performing  operations,  and  present  the  means  of  gabiog 
ittfbrmatioii  and  skill.  Am.  Ed. 
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mechanical  physician,  or  chemicAl  physician,  or  physician  at- 
tending only  to  the  influence  of  life,  are  likely  to  be  no  longer 
justly  applicable.  The  beams  of  true  philosophy  are  at  last 
breaking  in  upon  the  very  complex  and  difficult  subjects  of  me- 
dical inquiry;  and  where  formerly  keen  penetration  beheld  only 
confusion,  even  common  minds  now  begin  to  see  clear  divisions 
and  beautiful  arrangement. 


THE 


AXAIiYTIGAL    TABLE. 


Introduotiok. 

'  Progress  of  man  aod  stationary  condition  of  inferior  animals. 
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Malleability,  72— Ductility,  72— Pliancy,  73— Tenaci- 
ty, 73. 
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Centripetal  and  centrifugal  forces,  89* 
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Retarded  motion,  104. 
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destroyed  by  continued  action,  116. 
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Influence  on  the  idea  of  beauty,  &c.  154. 
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PART  III.— DOCTRINES  OF  FLUIDS,  or  HYDRODYNA- 
MICS, 236. 
Sect.  I.— •Hydrostatios,  or  fluids  in  repose,  236. 
Preggttre  in  a  fluid  extends  equally  through  the  whole,  238. 

Hydrostatic  press,  &c.  ^0. 
Pressure  in  a  fluid  increases  with  the  deptii,  241. 
Compressibility  of  water,,  &c.  242. 
Not  influenced  by  shape  of  vessel,  245. 
Level  surface  of  fluids,  246. 

Spirit  level,  247 — Canals,  248 — ^Running  streams,  250,  gra- 
dual change  of  the  earth's  surface  produced  by  running 
water,  251. 
Same  level  in  communicating  vesseU,  257. 
City  water-works,  258. 
Springs  and  wells,  260. 
Support  of  bodies  floating  in  fluids,  262. 
Specific  gravities,  264. 
Fioatiog  bodies,  270. 

Swimming  of  roan  and  inferior  animals,  272. 
Ballast,  276. 

Fluids  of  different  density,  278. 
Sect.  II-^Pneumatics,  or  phenomena  of  air,  282. 
Lightness,  285. 
Elasticity,  285. 
Air-pumps,  286 — ^Diving-bell,  291 — Water-balloon,  29S — 
Hero's  fountain,  295. 
Pressure  in  all  directions,  296. 
Pressure  as  depth,  296. 

Weight  of  the  atmosphere,  296. 
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Atmospheric  pressure  on  liquids  303. 
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Bird  glass,  310— Vent  plugs,  310 — ^Barometer,  314. 
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Cupping,  &c.  31^. 
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3X 
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Boiling,  323. 

JBoiling  at  diflTerent  heightg,  3S4. 
Boiling  in  vacuo  and  distilling,  S2T» 
Elastic  force  of  steam,  329. 
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Fluid  support  or  floating  in  air,  350. 
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Winds,  363. 
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Fluid  resistance  is  influenced  by  shape  of  solid,  385. 
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Force  of  the  heart,  458. 
Velocity  of  blood,  458. 
The  pulse,  460. 
Circulation  in  the  head,  466. 
Effects  of  position  on  the  circulation,  469. 
Fainting  from  diminished  arterial  tension,  470. 
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Diffused  pressure,  474. 
Mercurial  bath,  474. 
Transfauon  of  blood,  475. 

2.  Respiratiota  and  voice,  475. 
Action  of  chest,  Alt* 
Wounds  of  chest,  479. 
Hemoptysis,  480. 

Coughing — Sneezing — ^Hiccup,  &c.  4S1. 
Suffocation,  482. 
Humane  Society's  apparatus,  485, 
Artificial  respiration,  483. 
Speech,  486. 
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Modification  of  voice,  487. 
Table  of  articulations,  491. 
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Ventriloquism,  496. 

3.  Digestion,  499. 

Mechanism  of  the  organs,  499* 
Effects  of  abdominal  pressure,  503. 
Vomiting,  504. 
Stomach  pump,  &c.  505. 
Enema  funnel,  508. 

4.  Secretion  of  the  kidneys,  511. 
The  apparatus. 
Obstructions  in  urethra,  512. 
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Stone  in  the  bladder,  517. 
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5.  Uterine  phenomena,  522, 
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